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Abstract
The study of electromagnetic and weak form factors of nucleon (charged quasielas-
tic scatterings of neutrino (antineutrino) and nucleon) done in 70′s and published in
Chinese journals is reviewed. In the approach of the study antiquark components are
introduced to the wave functions of nucleon and the study shows that the antiquark
components of nucleon play an essential role in the EM and weak form factors of nu-
cleon. The SU(6) symmetric wave functions of baryons in the rest frame ( s-wave
in the rest frame) have been constructed. In these wave functions there are both
quark and antiquark components. Using Lorentz transformations these wave functions
are boosted to moving frame. In terms of effective Lagrangian these wave functions
are used to study the EM and weak form factors of nucleon and p → ∆. The ratio
µpG
p
E/G
p
M , G
n
E , G
n
M , G
∗
M , E1+ and S1+ of p → ∆ are predicted. The axial-vector
form factors of nucleon is predicted to be GA(q
2)/GA(0) = F
p
1 (q
2), where the F p1 is
the first Dirac form factor of proton. This prediction agrees with data very well. The
pseudoscalar form factor of nucleon is predicted. The model predicts there are three
axial-form factors for p→ ∆ and two of them play dominant roles. The cross sections
of νµ + n → p + µ− ν¯µ + p → n + µ+, ∆S = 1 quasielastic neutrino scatterings,
and νµ + p → ∆++ + µ− are predicted. Theoretical results are in agreement with
data. The study shows that antiquark components of baryons play an essential role in
understanding nucleon structure.
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1 Introduction
The structure and properties of hadrons are always important topics of strong interaction,
QCD. Photon and neutrino are always used to explore the structure of hadrons. The mea-
surements and theoretical studies of the electromagnetic (EM) and weak form factors of
nucleon last for very long time and are still very active. Recently, Jlab Hall A Collabora-
tion has reported the measurements of the ratio of the electric and magnetic form factors
of the proton µpG
p
E/G
p
M by using the recoil polarization technique[1]. The measurement of
this ratio by Jlab Hall C collaboration has been extended to q2 = 8.5 GeV2 [2]. The ratio
µpG
p
E/G
p
M measured by the recoil polarization technique [1,2] shows a systematic decrease
as q2 increases. These experimental results lead to many theoretical study on the shape of
nucleon. On the other hand, the experimental measurements [3] in the range of q2 < 1 GeV2
show that this ratio is pretty flat [3] around one. The understanding of this ratio from lower
q2 to high q2 is a challenge. Besides this ratio the experimental data of the charge and
magnetic form factors of neutron and the transit form factors of p→ ∆ are very significant
for understanding the structure of nucleon. Especially, the measurements of the electric
quadruple E1+ and S1+ of p → ∆ are strongly related to the structure of nucleon. On
the other hand the axial-vector form factor GA(q
2) of nucleon and the transit axial-vector
form factors of p → ∆ play important role in understanding the structure of nucleon. A
reasonable model of nucleon is needed to understand all these physical quantities.
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In 70’s we have done systematic study on electromagnetic structure of nucleon and p→ ∆
and axial-vector form factors of ν+N → N ′+µ, ν+N → Hyperon+µ, and ν+N → ∆+µ
scatterings in a relativistic quark model. These investigations are published in a Chinese
journal [4,5,6,7]. In the approach of Refs. [4,5,6,7] the wave functions of baryons are assumed
to be SU(6) symmetric in the rest frame of the baryon and are boosted to moving frame by
Lorentz transformation. In the rest frame the nucleon of 56-plet is in s-wave and spherical.
The approach used in Refs. [4,5,6,7] is interesting and the predictions of these form
factors made by these study many years ago are still compatible with current more accurate
data in the range of q2 < 5 GeV2. A review of these study with new fit are presented in this
paper. It is not the intention of this paper to review all the development of these topics.
The behavior of µpG
p
E/G
p
M found by experiments [1,2,3] has been studied and predicted
by a relativistic quark model in 1975 [4,5]. The charge form factor and the magnetic form
factor of the neutron, the transit magnetic form factor, and the the electric quadrupole E1+
and Coulomb multiple S1+ of p → ∆ have been predicted by the same model [4,5]. In
1977 this model has been applied to study semileptonic decays of baryons, ν + n→ µ− + p,
ν¯+p→ µ++n, and ν+p→ µ−+∆++ [6,7]. The axial-vector form factor GA(q2) of nucleon,
the pseudoscalar form factor of nucleon, and the three axial-form factors of p→ ∆ have been
predicted. Theoretical predictions of the GA(q
2), the decay rates of the semileptonic decays
of baryons, the scatterings of ν + n → µ− + p, ν¯ + p → µ+ + n, and ν + p → µ− + ∆++
6
agree with data pretty well. The calculation of the σ term of nucleon is new. All these study
[4,5,6,7] on the EM and weak form factors of nucleon show that the antiquark components
of nucleon play an essential role in the structure of nucleon. In the last two sections both the
σ term of proton and the contribution of the antiquark spinors to the density of antiquark
of proton are calculated.
After the contents shown above there is Appendix in which the wave functions of low-lying
excited baryons [4] are presented. The references are presented too.
2 Relativistic quark model
In 1964 Gell-Mann and Zweig [8] proposed the quark model of hadrons. In 1964 Greenberg [9]
proposed the quantum number of color and the paraquark model. In 1965 Han and Nambu
applied the new quantum number, color, to quarks of integer charges to solve the problem
of statistics of quarks [10]. In 1966 H. Y. Zhu at al. published a paper [11] of a relativistic
quark model (straton model named in their papers). In 1966 Y. Y. Liu [12] proposed that
the quarks are a triplet of colors to solve the problem of statistics and fractional charges of
quarks.
Following Ref. [11], the EM and weak form factors of baryons are studied in Refs. [4,5,6,7]
in 70’s. The wave function of a baryon is composed of: color part, flavor part, the spin part,
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and the part of space and time. A baryon is color singlet and the remaining parts of the wave
functions are totally symmetric. The flavor part is determined by SU(3) symmetry. In Ref.
[11] the spin part of the wave functions of baryons are constructed by the spinors of quarks
only. They are Bargmann-Wigner wave functions. Lorentz transformation is used to boost
these wave functions to moving frame. In Ref. [4] a new set of wave functions of baryons
are constructed by assuming the SU(6) symmetry in the rest frame of baryon. In these wave
functions there are both quark and antiquark components. They are not Bargmann-Wigner
wave functions. Effective currents of electromagnetic and weak interactions are used to
calculate transit matrix elements. The picture of single quark transition has been applied to
study the electromagnetic and weak processes of hadrons. These wave functions are different
from the ones used in Ref. [11].
3 Wave functions of nucleon and ∆
There are three parts in the calculations of the form factors of baryons: wave functions,
effective Lagrangian, and the matrix elements. A review of new set of wave functions of
baryons constructed in Ref. [4] is presented in this section. In Ref. [4] the general expressions
of the wave functions of the 1
2
+
and the 3
2
+
baryons are constructed by requesting that the
wave functions satisfy the SU(6) symmetry in the rest frame.
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Baryons are bound states of quarks in nonperturbative QCD. Instead solving nonpertur-
bative QCD, symmetry is applied in this study. It is well known that the SU(6) symmetry
[13] works well for low lying hadrons. The 1
2
+
and 3
2
+
baryons are 56-plet of the SU(6)
group. The predictions of some of the properties of baryons by SU(6) symmetry are in good
agreement with date. It is known that kinetic term violates SU(6) symmetry. In this study
the wave functions of the baryons are required to satisfy the SU(6) symmetry in the rest
frame of the baryons only and are boosted to moving frame by Lorentz transformation.
The transition matrix elements of EM and weak interactions between baryons are ex-
pressed as
< B′|jµ(0)|B >=
∫
dx′1dx
′
2dx
′
3dx1dx2dx3B¯
′(x′3, x
′
2, x
′
1)Gµ(x
′
3, x
′
2, x
′
1, x1, x2, x3)B(x1, x2, x3),
(1)
where jµ is either the electromagnetic or weak current of quarks, which will be shown below,
Gµ is the kernel of the matrix element and will be discussed. In Eq. (1) the wave functions
of baryon have indices: color, flavor, and spin and they are Bethe - Salpeter amplitudes. For
example, the wave function of a 1
2
+
baryon is defined as
Bi
′j′k′
αi,βj,γk(x1, x2, x3)
m
l,λ =< 0|T{ψi
′
αi(x1)ψ
j′
βj(x2)ψ
k′
γk(x3)}|B(p)λ >,
B¯i
′j′k′
ijk (x1, x2, x3)
m
l,λ =< B(p)λ|T{ψ¯i
′
αi(x1)ψ¯
j′
βj(x2)ψ¯
k′
γk(x3)}|0 >, (2)
where ψ(x) is a quark field, i′j′k′ are color indices, i j k are flavor indices. For a 1
2
+
baryon
9
the flavor state of the baryon is represented by
 m
l
 (seeAppendix) .
Baryon is color singlet and the wave function of color is
1√
6
ǫi′j′k′,
Therefore the remaining part of the wave function, the indices x1αi, x2βj, x3γk are total
symmetric. The baryons of SU(6) 56-plet have positive parity. These wave functions must
be Lorentz covariant. According to SU(3) symmetry, 1
2
+
baryons are octet and the flavor
part of the wave function takes following forms
ǫijmδkl, ǫjkmδil, ǫkimδjl. (3)
They satisfies the identity.
ǫijmδkl + ǫjkmδil + ǫkimδil = 0. (4)
Besides the color part the rest part of the wave function of a baryon must be total symmetric.
The wave function of 1
2
+
baryon is expressed as
Bαβγ,ijk(x, y)
m
l,λ =
1
6
√
2
ǫi′j′k′{(ǫijmδkl + ǫikmδjl)Γ
1
2
αβ,γ(x, y)λ
+(ǫjkmδil + ǫikmδjl)Γ
1
2
βγ,α(x, y)λ}, (5)
where x and y are relative coordinates, x = x1−x2 and y = 12(x1+x2)−x3, and Γ
1
2
αβ,γ(x, y)λ is
antisymmetric in (x1, α); (x2, β) and Γ
1
2
βγ,α(x, y)λ is antisymmetric in (x2, β); (x3, γ). There
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is Γ
1
2
γα,β(x, y)λ which is antisymmetric in (x3, γ); (x1, α). These three Γ functions must satisfy
the identity
Γ
1
2
αβ,γ(x, y)λ + Γ
1
2
βγ,α(x, y)λ + Γ
1
2
γα,β(x, y)λ = 0. (6)
These three Γ functions have the O2 mixing symmetry , where O2 is the projection operator
of permutation group of three indices (see Appendix). The wave function of 1
2
+
baryon (5)
is totally antisymmetric.
3
2
+
baryons are SU(3) decuplet whose flavor wave functions are
dlmnijk (7)
where lmn are the flavor wave function of the 3
2
baryon and ijk are the flavor indices of the
three quarks and they are totally symmetric respectively, the values of dlmnijk are presented in
the Appendix. The general expression of the wave functions of 3
2
+
baryons are written as
Blmnαβγ,ijk(x, y)λ =
1
6
√
2
ǫi′j′k′d
lmn
ijk Γ
3
2
αβγ(x, y)λ, (8)
where the Γ
3
2
αβγ(x, y)λ function are totally symmetric in (x1α), (x2β), (x3γ).
The Γ functions of Eqs. (5,8) can be determined. Besides the symmetric properties
mentioned above, these functions must satisfy following properties:
1. they are Lorentz covariant,
2. Γ
1
2
αβ,γ(x, y)λ, Γ
1
2
βγ,α(x, y)λ, and Γ
1
2
γα,β(x, y)λ are spin-
1
2
and their parity are positive,
11
3. Γ
3
2
αβγ(x, y)λ is spin -
3
2
and positive parity,
4. according to the SU(6), the 1
2
+
and 3
2
+
baryons are 56-plet and they are s-wave states
in the rest frame.
Using these properties, the general expressions of these Γ functions in the rest frame can be
constructed and they are boosted to moving frame by Lorentz transformation. In the rest
frame of the baryon the Γ function of Eqs.(5,8) can be written as
Γαβγ(x, y)λ =
∑
c
CJλ1
2
c,lλ−c{Aαβ(x, y)Dγγ′(x, y)}lλ−cuc,γ′, (9)
where CJλ1
2
c,lλ−c is the Clebsch-Gordan coefficient (C - G coefficient), {Aαβ(x, y)Dγγ′(x, y)}lλ−c
has angular momentum l and the third component is λ− c. The Lorentz transformations of
matrices A and D are
(AC)′ = Λ(AC)Λ−1,
D′ = ΛDΛ−1, (10)
where Λ is the Lorentz transformation, C is the operator of charge conjugate, AC and D are
linear combinations of γ matrices, uc,γ′ is the spinor in the rest frame, the indices c is the
helicity and the γ′ is the Lorentz index.
In the rest frame we can use following γ matrices
Scalar : I, γ0,
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Pseudoscalar : γ5, γ0γ5,
V ector : γj, γ0γj,
Axial − vector : γjγ5, γ0γjγ5
and xj and yj ( j = 1, 2, 3) to construct the general Γ functions (5,8). Because
γ0uc,γ′ = uc,γ′
in the Dγγ′ of Eq. (9) there is no γ0 matrix. The Γ function can be constructed as
Γαβγ(x, y)λ = {(f1 + f2γ0 + f3~x · ~γ + f4~y · γ + f5xiσi4 + f6yiσi4
+f7xiyjσij + f8xiyjγkǫijkγ5)γ5C}αβ
{1 + f9~x · γ + f10~y · γ + f11xiyjσij}γγ′uλ,γ′
+{(g1 + g2γ0 + g3~x · ~γ + g4~y · γ + g5xiσi4 + g6yiσi4}
+g7xiyjσij + g8xiyjγkǫijkγ5)C}αβ
{(1 + g9~x · γ + g10~y · γ + g11xiyjσij)γ5}γγ′uλ,γ′
+{(h1γk + h2γ0γk + h3xiσik + h4yiσik + h5xiγjǫijkγ5
+h6yiγjǫijkγ5 + h7xiyjǫijkγ5 + h8xiyjǫijkγ0γ5)C}αβ
{(γk + h9xiσik + h10yiσik)γ5}γγ′uλ,γ′
+{(k1γk + k2γ0γk + k3xiσik + k4yiσik + k5xiγjǫijkγ5
+k6yiγjǫijkγ5 + k7xiyjǫijkγ5 + k8xiyjǫijkγ0γ5)γ5C}αβ
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{γk + k9xiσik + k10yiσik}γγ′uλ,γ′, (11)
where f1...f11, g1...g11, h1...h10, k1...k10 are Lorentz invariant functions of x, y, p. Applying
the projection operators Ys, O2 (Appendix) to the indices (αx1), (βx2), (γx3) respectively
we can obtain
Γ
1
2
αβ,γ(x, y)λ = O2Γαβγ(x, y)λ,
Γ
3
2
αβγ(x, y)λ = YsΓαβγ(x, y)λ, (12)
where Ys is the total symmetric projector. The same way Γ
1
2
βγ,α(x, y)λ of Eq. (5) is obtained
too.
In the rest frame the wave functions of the 1
2
+
and the 3
2
+
baryons are the bases of
the 56-plet of SU(6) symmetry. The generators of the SU(6) group, λaσl, λa, and σl, can
transform one base to another, where λa are the generators of the SU(3) group (flavor) and
σl are the SU(2) generators (spin). Using these operators, the wave functions of the
1
2
+
and
the 3
2
+
baryons can be transformed from one to another and the relationships between these
two wave functions can be found. Under an infinitesimal SU(6) transformation, for example
λaσl there are
B′αβγ,ijk(x, y)λU = Bαβγ,ijk(x, y)λU
+iǫal (λaσl)
i′
i,αα′Bα′βγ,i′jk(x, y)λU
+iǫal (λaσl)
j′
j,ββ′Bαβ′γ,ij′k(x, y)λU
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+iǫal (λaσl)
k′
k,γγ′Bαβγ′,ijk′(x, y)λU , (13)
where U stands for the flavor state (SU(3)), B′αβγ,ijk(x, y)λU is the wave function of the
baryon after the infinitesimal SU(6) transformation, ǫαl is the infinitesimal parameter of the
transformation, the color part of the wave function has been omitted. Similar transforma-
tions under λa or σl can be found respectively. The wave functions of
1
2
+
and 3
2
+
(5,8)
already satisfy the SU(3) symmetry. Because of the requirement of SU(6) symmetry under
an infinitesimal transformation of SU(2) (spin) no baryon states with angular momentum
higher than 3
2
can be generated. Without losing generality we take proton as an example,
i = 1, j = 1, k = 2, a = 2, U = (31) and
λ2 =

0 1 0
0 0 0
0 0 0

.
Using Eq. (13), under an infinitesimal SU(2) (spin) transformation we obtain
B′αβγ,112(x, y)λU = Bαβγ,112(x, y) + iǫ
2
l σl,αα′{Γ
1
2
α′β,γ(x, y)λ + Γ
1
2
βγ,α′(x, y)λ}
+iǫ2l σl,ββ′{Γ
1
2
αβ′,γ(x, y)λ − Γ
1
2
γα,β′(x, y)λ}. (14)
For 3
2
+
baryon we take ∆0, U = (122), as an example
B′αβγ,122(x, y)λU = Bαβγ,122(x, y)λU
15
+
i√
3
ǫ2l σl,αα′Γ
3
2
α′βγ(x, y)λ +
i√
3
ǫ2l σl,ββ′Γ
3
2
αβ′γ(x, y)λ. (15)
To satisfy SU(6) symmetry only 1
2
+
and 3
2
+
states are allowed on the right-hand sides of Eqs.
(14,15) and no states with angular momenta higher than 3
2
.
The spin operator σl makes transformations between the Γ
3
2
αβγ(x, y)λ of the decuplet
baryons and the Γ
1
2
αβ,γ(x, y)λ,Γ
1
2
βγ,α(x, y)λ,Γ
1
2
γα,β(x, y)λ of the octet baryons.
The transformation of the space-spin wave function of the 1
2
+
baryons (11) is studied. In
the expression of Γαβγ(x, y)λ (11) there are scalar terms like
~x · γ, ~y · γ, xiyjσij , etc.....
Applying the spin operator σi to these terms, p-waves will be generated. For example,
σi~x · γ = {xi + σijxj}γ0γ5. (16)
The term xi is a vector and p-wave. The couplings of these p-waves with other states will
produce states whose angular momentum are higher than 3
2
which do not belong to 56-plet
and SU(6) symmetry is broken. Therefore, to keep SU(6) symmetry in the rest frame the
terms related to p-waves in Eq. (11) must been erased. This is consistent with that because
of the SU(6) symmetry the internal kinetic motions of the quarks of the baryons of the
56-plet are ignored and they are in s-waves only.
The general Γ function of 1
2
+
baryon in s-wave is obtained from Eq. (11)
Γ
1
2
αβ,γ(x, y)λ = {(f1 + f2γ0)γ5C}αβuλ,γ + {(g1 + g2γ0)C}αβ{γ5uλ}γ
16
+{(h1 + h2γ0)γkC}αβ{γkγ5uλ}γ + {(k1 + k2γ0)γkγ5C}αβ{γkuλ}γ, (17)
where f1, f2, g1, g2, h1, h2, k1, k2 are totally symmetric Lorentz scalar functions of x1, x2, x3.
Except the color wave function, the remaining wave functions (5) of 1
2
+
baryons are totally
symmetric and as mentioned above that the Γ
1
2
αβ,γ satisfies
O2Γ
1
2
αβ,γ(x, y) = Γ
1
2
αβ,γ(x, y). (18)
From Eq. (18) we obtain
g2 = h1 = h2 = k2 = 0,
f1 − f2 − g1 − 3k1 = 0. (19)
Similarly, the Γ function of 3
2
+
baryon in s-wave is constructed as
Γαβγ(x, y)λ = {(f ′1 + f ′2γ0)γkC}αβψλk,γ + {(g′1 + g′2γ0)γkγ5C}αβ{γ5ψλk}γ , (20)
where f ′1, f
′
2, g
′
1, g
′
2 are totally symmetric Lorentz scalar functions of x1, x2, x3, ψ
λ
k is the
Rarita-Schwinger spinor. Γαβγ(x, y) must be totally symmetric and satisfies
O1Γαβγ(x, y) = 0. (21)
Eq.(21) leads to
g′1 = 0, g
′
2 = f
′
2 − f ′1. (22)
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The operators σl of SU(6) can do the transformation between the Γ functions of spin-
1
2
and
spin-3
2
baryons. For 1
2
+
baryon it is obtained
(σl)α′αΓ
1
2
α′β,γ(x, y)λ = −i{(f1 + f2γ0)γlC}αβuλ,γ + ig1{γlγ0γ5C}αβ(γ5uλ)γ
+ik1{δklγ0C + iγ0σlkC}αβ(γkuλ)γ . (23)
The RHS of eq.(23) can be divided into spin 1
2
and 3
2
two parts. The spin 3
2
part is written
as
{(f2 + f1γ0)γkC}αβψλk,γ + g1(γ0γkC)αβ(γ5ψλk )γ − ik1(γ0σklC)αβ(γlψλk )γ . (24)
The indices αβγ of Eq.(24) must be totally symmetric. (γ0σklC)αβ is antisymmetric in αβ.
Therefore,
k1 = 0. (25)
The totally symmetric requirement leads to
g1 = f1 − f2. (26)
Substituting Eqs.(25,26) into Eq.(24) and comparing with Eq.(20), we obtain
f ′1 = f2, f
′
2 = f1, g
′
2 = f1 − f2. (27)
Using all Eqs.(25,26,27), the spin 1
2
part of Eq.(20) can be written as
∑
λ,r3
C
1
2
c
1λ 1
2
r3
{[(f2 + f1γ0)γlC]αβeλl ur3 + (f1 − f2)(γ0γlγ5C)αβeλl (γ5ur3)r}, (28)
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where eλl is the polarization vector. It can be proved that Eq.(28) is the same as the ex-
pression(17) which satisfies Eqs.(18,19). Taking c = 1
2
and using the four spinors, the
expression(28) can be rewritten as
2
√
2
∑
r1r2r3
C
1
2
1
2
1λ 1
2
r3
C1λ1
2
r1
1
2
r2
{f+ur1,αur2,βur3,γ − f−ǫr1r′1ǫr2r′2vr′1,αvr′2,βur3,γ}
−f−(ǫr1r′1vr′1,αur2,β + ǫr2r′2ur1,αvr′2,β)ǫr3r′3vr′3,γ}
= − i√
3
{[(f1 + f2γ0)γ5C]βγu 1
2
,α
+[(f1 + f2γ0)γ5C]αγu 1
2
,β + (f1 − f2)Cαγ(γ5u 1
2
)β}, (29)
where
f+ =
1
2
(f1 + f2), f− =
1
2
(f1 − f2),
ǫ 1
2
,− 1
2
= 1, ǫ− 1
2
, 1
2
= −1, ǫr1,r2 = −ǫr2,r1,
u 1
2
=

1
0
0
0

, u− 1
2
=

0
1
0
0

, v 1
2
=

0
0
0
−i

, v− 1
2
=

0
0
i
0

. (30)
Multiplying Eq.(29) by corresponding SU(3) wave function
ǫikmδjl + ǫjkmδil
and symmetrizing the indices (α i), (β j), (γ k), the wave function of 1
2
+
baryon (5) is indeed
obtained. It is important to notice that all the four spinors (30) are in s-wave. Because of
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the requirement of SU(6) symmetry in the rest frame of the nucleon the kinetic terms of
these spinors or internal motions of quarks are ignored. After ignoring the kinetic terms, the
u± are the spinors of quarks and the v± are the spinors of antiquarks.
It is worth to point out that if a spin operator σl acts on the index γ of Γ
1
2
αβ,γ it doesn’t
change the the spin of the baryon and only changes the third component.
Using C-G coefficients, following two expressions are obtained after a σl acts on the
Γ
3
2
αβγ(x, y)λ of
3
2
baryon
1.
∑
λ1,λ2
C
1
2
λ
3
2
λ1,1λ2
eλ2l (σl)γγ′Γ
3
2
αβγ′(x, y)λ =
2
√
2
3
i{Γ
1
2
αγ,β(x, y)λ + Γ
1
2
βγ,α(x, y)λ}. (31)
α and β are symmetric. Multiplying Eq.(31) by ǫikmδjl + ǫjklδil and symmetrizing the
indices αi, βj, γk, the wave function of 1
2
+
baryon is obtained.
2.
∑
λ1,λ2
C
3
2
λ
3
2
λ1,1λ2
eλ2l (σl)γγ′Γ
3
2
αβγ′(x, y)λ1 = −
√
5
3
Γ
3
2
αβγ(x, y)λ, (32)
where Γ
3
2
αβγ(x, y)λ is the wave function of
3
2
baryon.
Eqs.(31,32) show that the spin operators make the transformations between the 1
2
+
and
3
2
+
wave functions of baryons only. Therefore, the 1
2
+
and 3
2
+
wave functions of baryons
satisfy the SU(6) symmetry.
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Finally, the wave functions of 1
2
+
and 3
2
+
baryons, which satisfy SU(6) symmetry in the
rest frame are written as
Bαβγ,ijk(x, y)
m
l,λ =
1
6
√
2
ǫi′j′k′{(ǫijmδkl + ǫikmδjl)Γ
1
2
αβ,γ(x, y)λ
+(ǫjkmδil + ǫikmδjl)Γ
1
2
βγ,α(x, y)λ},
Blmnαβγ,ijk(x, y)λ =
1
6
√
2
ǫi′j′k′d
lmn
ijk Γ
3
2
αβγ(x, y)λ, (33)
where
Γ
1
2
αβ,γ(x, y)λ = {(f1 + f2γ0)γ5C}αβuλ,γ + (f1 − f2)Cαβ{γ5uλ}γ ,
Γ
3
2
αβγ(x, y)λ = {(f2 + f1γ0)γkC}αβψλk,γ + (f1 − f2)(γ0γkγ5C)αβ{γ5ψλk}γ. (34)
Eqs. (33,34) show that the SU(6) symmetry leads to that the general expressions of the
wave functions of 1
2
+
and 3
2
+
baryons contain f1(x, y) and f2(x, y) two functions only, which
are Lorentz invariant and symmetric in x1, x2, x3. In these two functions there are only
s-waves in the rest frame. Therefore, according to SU(6) symmetry in the rest frame, the 1
2
+
and the 3
2
+
baryons are spherical.
Using Lorentz transformation, the Γ functions (33,34) are boosted to moving frame and
expressed as
Γ
1
2
αβ,γ(x, y, p)λ = {(f1(x, y) + f2(x, y)
−i
m
γ · p)γ5C}αβu(p)λ,γ
+{f1(x, y)− f2(x, y)}Cαβ{γ5u(p)λ}γ,
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Γ
3
2
αβγ(x, y, p)λ = {(f2(x, y) + f1(x, y)
−i
m
γ · p)γµC}αβψλµ(p)γ
+{f1(x, y)− f2(x, y)}−i
m
(γ · pγµγ5C)αβ{γ5ψλµ(p)}γ. (35)
If taking
f1(x, y) = f2(x, y) = f(x, y),
Eq. (34) becomes
Γ
1
2
αβ,γ(x, y)λ = f(x, y){(1 + γ0)γ5C}αβuλ,γ
Γ
3
2
αβγ(x, y)λ = f(x, y){(1 + γ0)γkC}αβψλk,γ. (36)
The terms Cαβ{γ5u(p)λ}γ and 1m(γ0γµγ5C)αβ{γ5ψλµ(p)}γ of Eq. (34) disappear.
These wave functions (36) can be constructed by the two spinors of quarks, u 1
2
, u− 1
2
(30)
only and there are no contribution from the spinors of antiquarks v 1
2
, v− 1
2
. Therefore, the
effects of antiquark spinors make f1 6= f2. In order to explore the cause of the difference
between f1 and f2 the spectral representation of the wave function of baryon is used
Bi
′j′k′
αβγ,ijk(x, y)λU = 6Yaθ(x0)θ(−
x0
2
,−y0) 1
(2π)6
∫
d4pnd
4pldM
2
ndM
2
l
δ(p2n +m
2
n)δ(p
2
l +M
2
l )θ(pn0)θ(pl0)exp[i(pn −
1
2
pl)x− i(pl − 1
3
p)y]
f i
′j′k′
αβγ,ijk(pn, pl, p,M
2
n,M
2
l )λU , (37)
where
f i
′j′k′
αβγ,ijk(pn, pl, p,M
2
n,M
2
l )λU =
′∑
nl
< 0|ψi′αi(0)|n >< n|ψj
′
βj(0)|l >< l|ψk
′
γk(0)|BλU(p) >, (38)
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where
∑′
nl is the
∑
nl after the factors
1
(2pi)6
d3pn
2En
d3pl
2El
dM2ndM
2
l being taken away, Ya is the
antisymmetric operator(see Appendix) to antisymmetrizing (x1αii
′), (x2βjj′), (x3γkk′).
Using the wave function (37), the expression of f1 is obtained as
1√
2
f1(x, y)ǫi′j′k′ǫijmδkl′uλ,γ =
1
(2π)6
∫
d4pnd
4pldM
2
ndM
2
l δ(p
2
n +M
2
n)δ(p
2
l +M
2
l )θ(pn0)θ(pl0)
′∑
n,l
{θ(x0)θ(−x0
2
+ y0)e
i(pn− 12pl)x+i(pl− 23p)y] < 0|(γ5Cψi′i )β|n >< n|ψj
′
β,j|l >< l|ψk
′
γ,k|Bm
′
λ,l′ >
−θ(x0
2
+ y0)θ(
x0
2
− y0)e i2 (pn+pl−p)x+i(pn−pl− 13p)y < 0|(γ5Cψi′i )β|n >< n|ψk
′
γ,k|l >< l|ψj
′
β,j|Bm
′
λ,l′ >
−θ(−x0
2
+ y0)θ(−x0
2
− y0)e− i2 (pn+pl−p)x+i(pn−pl− 13p)y < 0|(γ5Cψj
′
j )β|n >< n|ψk
′
γ,k|l >< l|ψi
′
β,i|Bm
′
λ,l′ >
+θ(−x0)θ(x0
2
+ y0)e
−i(pn− 12p)x+i(pl− 23p)y < 0|(γ5Cψj′j )β|n >< n|ψi
′
β,i|l >< l|ψk
′
γ,k|Bm
′
λ,l′ >
+θ(−x0
2
− y0)θ(x0)e[ − i
2
(pn + p− 2pl)x− i(pn − 1
3
p)y] < 0|ψk′γ,k|n >< n|(γ5Cψi
′
i )β|l >< l|ψj
′
β,j|Bm
′
λ,l′ >
−θ(x0
2
− y0)θ(−x0)e i2 (pn+p−2pl)x−i(pn− 13p)y < 0|ψk′γ,k|n >< n|(γ5Cψj
′
j )β|l >< l|ψi
′
β,i|Bm
′
λ,l′ > .(39)
Replacing
γ5Cψ by γ5Cγ0ψ (40)
in Eq. (39),
1√
2
f2(x, y)ǫi′j′k′ǫijm′δkl′uλ,γ (41)
is obtained. In general the quark field ψ has four components. If only quark spinors (u± 1
2
(30)) are taken into account then γ0ψ = ψ and f1 = f2 as mentioned above. For antiquark
spinors (v± 1
2
(30)) γ0ψ = −ψ and f1 6= f2.
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Theoretically, the relationship between the antiquark spinors v± (30) and possible anti-
quark density of the nucleon is a dynamical question. The dynamical nature of this question
is not explored in this paper. However, some arguments are made. in Ref. [14] antiquark
density of a nucleon are defined as
q¯i =
1
2
< p|ψ¯iψi − ψ¯iγ0ψi|p > . (42)
Using the arguments above, this model predicts that
q¯i 6= 0.
Detailed calculation of the quantity q¯i i = u, d, s will be presented in the section of antiquark
components.
In this paper when ”the contribution of 0antiquark components” is mentioned it really
means that the contributions of the antiquark spinors v±.
The wave function of baryon, B¯αβγ,ijk(x1, x2, x3)λU is required in the calculation of the
matrix elements and is defined as (color indices are dropped)
B¯αβγ,ijk(x1, x2, x3)λU =< BλU(p)|T{ψ¯α,i(x1)ψ¯β,j(x2)ψ¯γ,k(x3)}|0 > . (43)
Using time reversal, it is found
B¯i
′j′k′
αβγ,ijk(x1, x2, x3)λU = η(−1)J+1(γ5C)αα′(γ5C)ββ′(γ5C)γγ′Bk
′j′i′
γ′β′α′,kji(−x3,−x2,−x1)−λU ,
(44)
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where η is a phase factor and it is determined as
J =
1
2
, η = −i,
J =
3
2
, η = i. (45)
Using Eqs. (44,35,33), another sets of wave functions in the moving frame are obtained
B¯αβγ,ijk(x, y)
m
l,λ = −
1
6
√
2
ǫi′j′k′{(ǫijmδkl + ǫikmδjl)Γ¯
1
2
αβ,γ(x, y)λ
+(ǫjkmδil + ǫikmδjl)Γ¯
1
2
βγ,α(x, y)λ,
B¯lmnαβγ,ijk(x, y)λ =
1
2
√
2
ǫi′j′k′d
lmn
ijk Γ¯
3
2
αβγ(x, y)λ, (46)
Γ¯
1
2
αβ,γ(x, y, p)λ = {C[f1(−x,−y) + f2(−x,−y)
i
m
γ · p]γ5}αβu¯(p)λ,γ
+[f1(−x,−y)− f2(−x,−y)]Cαβ{u¯(p)λγ5}γ,
Γ¯
3
2
αβγ(x, y, p)λ = {C[f2(−x,−y) + f1(−x,−y)
i
m
γ · p]γµ}αβψ¯λµ(p)γ
+[f1(−x,−y)− f2(−x,−y)] i
m
(Cγmuγ · pγ5)αβ{ψ¯λµ(p)γ5}γ. (47)
In Ref. [4] in the rest frame of baryon the O(3)× SU(6) symmetry has been applied to
construct the wave functions of one p-wave and one s-wave(1s1p); one p - wave and one - p
wave (1p1p) and one s-wave and 1 d wave (1s1d). For convenience these wave functions are
presented in the Appendix.
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4 Transit matrix elements and the effective currents
In the relativistic quark model [11] the effective Lagrangian are used to study the electro-
magnetic and weak properties of baryon. The electromagnetic (EM) effective Lagrangian of
quarks is defined as
L = −ieψ¯Q{Aˆ(x)− iκ
4mN
σµνF
µν}ψ, (48)
where
Q =

2
3
0 0
0 − 1
3
0
0 0 − 1
3

,
κ is the anomalous magnetic moment of quark and it is a parameter in this model.
The general expression of the transit matrix element between baryons is shown in Eq.
(1). The kernel Gµ of Eq. (1) is the effect of strong interactions (nonperturbative QCD).
In the quark model [11] the mechanism of single quark transition is claimed. On the other
hand, in order to satisfy the requirement of SU(6) symmetry the kinetic terms in the kernel
Gµ must be ignored. Under this mechanism the kernel Gµ is reduced to
M(x′1, x
′
2, x1, x2)Jµ(0),
whereM(x′1, x
′
2, x1, x2) is a scalar function and the Jµ(0) is the EM or weak current of quarks.
The EM current is shown in Eq. (48) and the weak current will be shown in section 9. The
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transit matrix element (1) is rewritten as
< Bλ(p
′)U ′|Jµ(0)|Bλ(p)U >= Pk1k′1Γµ,γγ′∫
dx′1dx
′
2dx1dx2M(x
′
1, x
′
2, x1, x2)B¯
λ′
αβγ,ijk1
(x′1, x
′
2, 0)U ′B
λ
k′
1
ji,γ′βα(0, x2, x1)U , (49)
where the function M(x′1, x
′
2, x1, x2) is unknown and for EM interactions
P = Q, Γµ = γµ +
κ
2mN
σµνqν , (50)
where qµ is the transfer momentum. For weak interactions P and Γµ have different expres-
sions (see section 9). In Ref. [11] the M(x′1, x
′
2, x1, x2) is taken as a constant.
5 EM form factors of baryons
In Ref. [5] the wave functions (33,46), the matrix element (49), and the effective EM current
(50) are applied to study the EM form factors of nucleon. The results are presented in this
section.
The EM form factors of a baryon are defined as
< B(p′)λ′|Jµ(0)|B(p)λ >= u¯(p′)λ′{F1(q2)γµ + F2(q2)κσµνqν
2mp
}u(p)λ, (51)
GE(q
2) = F1 − τκF2, GM(q2) = F1 + κF2, (52)
τ =
q2
4m2p
. (53)
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The electric charge of proton is one. Therefore, there is normalization condition
GpE(0) = 1, F
p
1 (0) = 1. (54)
By using the matrix element (49), the effective EM current (50), and the wave functions
of baryons (33,46), these matrix elements are calculated and the EM form factors GE and
GM of baryons are determined in this model.
The matrix elements of electric currents of 1
2
+
baryon are obtained
< B
1
2
λ′
(pf)
l
′
1
l1
| Jµ(0) | B
1
2
λ (pi)
l
′
2
l2
>= − ie
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{A1I1 −A2I2}, (55)
where m, m′ and E, E ′ are the initial and final mass and energy of the baryon respectively,
A1 = TrBQB, A2 = TrBBQ. (56)
B, B are the SU3 flavor matrices of the initial and final baryon, which are presented in the
Appendix.
I1 = −20{D2(q2)(1− m+
5m
) +D
′
2(q
2)(1− m+
5m′
)
+
1
2mm′
(m2− + q
2 +
κm+
5mp
q2)D3(q
2)}uλ′ (pf)γµuλ(pi)
−20{2D1(q2)− (1− 2mp
5κm
)D2(q
2)− (1− 2mp
5κm′
)D
′
2(q
2)
+
1
2mm′
(m2+ +
3
5
q2)D3(q
2)} κ
2mp
uλ′ (pf)qνσµνuλ(pi)
−4i{ 1
m
D2(q
2)− 1
m′
D
′
2(q
2) +
κ
2mm′mp
(m
′2 −m2)D3(q2)}
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qµuλ′ (pf )uλ(pi),
I2 = 4{(1− 2m+
m
)D2(q
2) + (1− 2m+
m′
)D
′
2(q
2)
+
1
2mm′
(m2− + q
2 + 2
κm+
mp
q2)D3(q
2)}uλ′ (pf)γµuλ(pi)
−4{2D1(q2)− (1− 4mp
κm
)D2(q
2)− (1− 4mp
κm′
)D
′
2(q
2)
+
1
2mm′
(m2+ − 3q2)D3(q2)}
κ
2mp
uλ′ (pf )qνσνµuλ(pi)
+8i{ 1
m
D2(q
2)− 1
m′
D
′
2(q
2) +
κ(m
′2 −m2)
2mm′mp
D3(q
2)}
qµuλ′ (pf )uλ(pi), (57)
where
qµ = pµ − p′fµ, m+ = m+m
′
, m− = m
′ −m, (58)
D1(q
2) = −
∫
f
′
1(−x′1,−x′2, 0)M(x′1, x′2, x1, x2)f1(0, x2, x1)d4x′1d4x′2d4x1d4x2,
D2(q
2) = −
∫
f
′
1(−x′1,−x′2, 0)M(x′1, x′2, x1, x2)f2(0, x2, x1)dx′1dx′2dx1dx2,
D
′
2(q
2) = −
∫
f
′
2(−x′1,−x′2, 0)M(x′1, x′2, x1, x2)f1(0, x2, x1)d4x′1d4x′2d4x1d4x2,
D3(q
2) = −
∫
f
′
2(−x′1,−x′2, 0)M(x′1, x′2, x1, x2)f2(0, x2, x1)d4x′1d4x′2d4x1d4x2. (59)
m,m
′
are the mass of the initial and final baryon respectively. Eq.(59) shows that when
p′ ←→ p is taken, we have
D2(q
2)←→ D′2(q2), (60)
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therefore, when m = m′
D2(q
2) = D
′
2(q
2). (61)
In Eq. (57) there are three unknown functions, D1(q
2), D2(q
2), D3(q
2).
In Eq.(57), when m = m′ is taken, the terms in I1 and I2, which are proportional to qµ
vanish. Thus, when m = m′, the current matrix element of 1
2
+
baryon automatically satisfies
the current conservation. In general cases in order to satisfy the current conservation, the
following condition must be satisfied
D
′
2(q
2)− m
′
m
D2(q
2) +
m−
m
D3(q
2) = 0. (62)
For 1
2
+
baryons the only matrix element with m′ 6= m is Σ0− > Λ. For this process, we have
A1 = A2 =
1
2
√
3
. (63)
The condition(62) guarantees current conservation for the EM process Σ0− > Λ+ γ.
Ward identity in this model
It is well known that current conservation is satisfied in the electromagnetic interactions.
Why the condition (62) is required in this model ? This question must be answered. As
mentioned that in this study a relativistic quark model is exploited. In this model SU(6)
symmetry for the wave functions in the rest frame, effective current, and the kernel of the
transit matrix elements are assumed. In order to satisfy the current conservation the Ward
identity must be satisfied after these assumptions. The Ward identity is the constraint on
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these assumptions. In Ref. [15] the conditions for EM transit matrix elements of baryons to
satisfy the Ward identity are revealed. As a matter of factor, Eq. (62) is the condition for
satisfying the Ward identity.
The condition (62) not only guarantees the current conservation of B → B′ it will be
shown in this paper that the same condition (62) guarantees the current conservation for
p→ ∆ and the same condition (62) prohibits the appearance of the second class current in
weak transition of B → B′ (see section 9). This condition (62) makes the vector form factors
of Σ+ → Λ + e+ + ν and Σ− → Λ + e− + ν¯ to be proportional to q2 (Tab. 3) and they are
in agreement with the data (see subsection 9.4).
The electromagnetic form factors of 1
2
+
baryons are obtained from the current matrix
elements (57)
GE(q
2) = −2
3
(A1 + 2A2)(1 +
q2
4m2
){D2(q2)− κq
2
4mmp
D3(q
2)}
+
1
3
(A2 + 5A1){D2(q2) + q
2
4m2
[D3(q
2) +
κm
mp
D2(q
2)
−κm
mp
D1(q
2)− κ m
mp
(1 +
q2
4m2
)D3(q
2)]}. (64)
GM(q
2) =
1
3
(A2 + 5A1){mp
m
[D2(q
2) +
q2
4m2
D3(q
2)] + κ[D1(q
2)
−D2(q2) + (1 + q
2
4m2
)D3(q
2)]}, (65)
where m is the mass of the baryon and e
2mp
is the unit of the GM(q
2). The expression of the
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magnetic moment of 1
2
+
baryon is obtained from Eq.(65)
µ = GM(0) =
1
3
(A2 + 5A1){mp
m
+ κ[D1(0) +D3(0)−D2(0)]}. (66)
Eq. (66) shows that there are two parts in the magnetic moment of baryon: the term
mp
m
is resulted in the recoil effect of the baryon and the second term is the contribution
of the anomalous magnetic moment of quark. Eqs. (64,65) show that the two invariant
functions f1, f2 and the function M(x
′
1, x
′
2, x1, x2) all appear in the three unknown functions
of D1,2,3(q
2).
6 Relationship Between f1(x1, x2, x3) and f2(x1, x2, x3)
The SU(6) symmetry in the rest frame leads to that in the wave functions of baryons there
are two functions f1(x1, x2, x3) and f2(x1, x2, x3) and f1(x1, x2, x3) 6= f2(x1, x2, x3) is resulted
in the effects of antiquarks. In order to explore the effects of antiquarks in the form factors
of baryons the possible relationship between the two invariant functions f1(x1, x2, x3) and
f2(x1, x2, x3) in the frame of center-of-mass is studied [5].
In the rest frame the Γ
1
2
αβ,γ(p)λ (34) can be rewritten as
Γαβ,γ(x1, x2, x3)λ = g1(x1, x2, x3){(1 + γ0)γ5C}αβuλ,γ
+g2(x1, x2, x3){[(1− γ0)γ5C]αβuλ,γ + 2Cαβ(γ5uλ)γ},
g1(x1, x2, x3) =
1
2
{f1(x1, x2, x3) + f2(x1, x2, x3)},
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g2(x1, x2, x3) =
1
2
{f1(x1, x2, x3)− f2(x1, x2, x3)}, (67)
The wave functions of baryons (2) are the Bethe - Salpeter (BS) amplitudes and they satisfy
corresponding BS equations. In order to make the wave functions to satisfy the SU(6)
symmetry in the rest frame the BS equation must satisfy the SU(6) symmetry in the rest
frame too.
The BS equation of a 1
2
+
baryon is written as
(ip̂1 +M)αα′ (ip̂2 +M)ββ′ (ip̂3 +M)γγ′B
1
2
λ
α
′
β
′
γ
′
,ijk
(p1, p2, p3)
m
l
= −i(ip̂3 +M)γγ′
∫
U(q)B
1
2
λ
αβγ′ ,ijk
(p1 − q, p2 + q, p3)ml d4q
−i(ip̂1 +M)αα′
∫
U(q)B
1
2
λ
α′βγ,ijk
(p1, p2 − q, p3 + q)ml d4q
−i(ip̂2 +M)ββ′
∫
U(q)B
1
2
λ
αβ
′
γ,ijk
(p1 + q, p2, p3 − q)ml d4q
−
∫
V (q1, q2, q3)δ
4(q1 + q2 + q3)B
1
2
λ
αβγ,ijk(p1 + q1, p2 + q2, p3 + q3)
×d4q1d4q2d4q3. (68)
It is assumed that U(q) of two bodies interactions and V (q1, q2, q3) of three bodies interactions
are independent of the momentum of the baryon and they are scalars to keep possible SU(6)
symmetry. The p1, p2, p3 of Eq. (68) satisfy
p1 + p2 + p3 = p, (69)
where p is the momentum of 1
2
+
baryon.
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It is not the intention to solve this equation and the Eq. (68) is used to study the
relationship between f1,2 functions. For this purpose in order to keep SU(6) symmetry the
spatial part of the matrix pˆi of Eq. (68) must be ignored. Substituting the wave function of
1
2
+
(33,34) into Eq.(68), we obtain
(M − γ0p10)αα′ (M − γ0p20)ββ′ (M − γ0p30)γγ′Γ
1
2
α′β′γ′
(p1, p2, p3)λ
= −i(M − γ0p30)γγ′
∫
U(q)Γ
1
2
αβ,γ′
(p1 − q, p2 + q, p3)λd4q
−i(M − γ0p10)αα′
∫
U(q)Γ
1
2
α′β,γ
(p1, p2 − q, p3 + q)λd4q
−i(M − γ0p20)ββ′
∫
U(q)Γ
1
2
αβ′ ,γ
(p1 + q, p2, p3 − q)λd4q
−
∫
V (q1, q2, q3)δ
4(q1 + q2 + q3)Γ
1
2
αβ,γ(p1 + q1, p2 + q2, p3 + q3)
×d4q1d4q2d4q3. (70)
where Γ
1
2
αβ,γ(p1, p2, p3)λ is the expression of Γ
1
2
αβγ(x1, x2, x3)λ (34) in the momentum represen-
tation. Calculations lead to
(M − p10)(M − p20)(M − p30)g1(p1, p2, p3)
= −i
∫
U(q){(M − p30)g1(p1 − q, p2 + q, p3)
+(M − p10)g1(p1, p2 − q, p3 + q)
+(M − p20)g1(p1 + q, p2, p3 − q)}d4q
−
∫
V (q1, q2, q3)δ
4(q1 + q2 + q3)
34
×g1(p1 + q1, p2 + q2, p3 + q3)d4q1d4q2d4q3, (71)
(M + p10)(M + p20)(M − p30)g2(p1, p2, p3)
= −i
∫
U(q){(M − p30)g2(p1 − q, p2 + q, p3)
+(M + p10)g2(p1, p2 − q, p3 + q)
+(M + p20)g2(p1 + q, p2, p3 − q)}d4q
−
∫
V (q1, q2, q3)δ
4(q1 + q2 + q3)
×g2(p1 + q1, p2 + q2, p3 + q3)d4q1d4q2d4q3, (72)
(M + p10)(M − p20)(M + p30)g2(p1, p2, p3)
= −i
∫
U(q){(M + p30)g2(p1 − q, p2 + q, p3)
+(M + p10)g2(p1, p2 − q, p3 + q)
+(M − p20)g2(p1 + q, p2, p3 − q)}d4q
−
∫
V (q1, q2, q3)δ
4(q1 + q2 + q3)
×g2(p1 + q1, p2 + q2, p3 + q3)d4q1d4q2d4q3, (73)
(M − p10)(M + p20)(M + p30)g2(p1, p2, p3)
= −i
∫
U(q){(M + p30)g2(p1 − q, p2 + q, p3)
+(M − p10)g2(p1, p2 − q, p3 + q)
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+(M + p20)g2(p1 + q, p2, p3 − q)}d4q
−
∫
V (q1, q2, q3)δ
4(q1 + q2 + q3)
×g2(p1 + q1, p2 + q2, p3 + q3)d4q1d4q2d4q3. (74)
Since V (q1, q2, q3) are totally symmetric functions of q1, q2, q3 and g1(p1, p2, p3) are totally
symmetric functions of p1, p2, p3 too. From Eqs.(73,74), we see that g2(p1, p2, p3) have
following symmetries: (1) totally symmetric in p1, p2, p3. (2) since U(q) and V (q1, q2, q3)
are independent of the momentum p , the equation is invariant under the transformations
p20 → −p20, p30 → −p30; p10 → −p10, p30 → −p30; p10 → −p10, p20 → −p20. By using
the second symmetry of g2(p1, p2, p3), Eq.(74) becomes Eq.(73) under the transformation
p10 → −p10, p20 → −p20, thus g1(p1, p2, p3) and g2(p1, p2, p3) satisfy the same equation.
g1(p1, p2, p3) is related to g2(p1, p2, p3) by
g1(p1, p2, p3) = cg2(p1, p2, p3), (75)
where c is a constant. Eq. (75) leads to
f2(x1, x2, x3) = af1(x1, x2, x3), (76)
where a is another constant. Using Eq. (76), the three functions D1,2,3(q
2) of Eqs. (64,65)
are reduced to one unknown function and a parameter a
D1(q
2) =
1
a
D2(q
2), D3(q
2) = aD2(q
2). (77)
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Obviously, the discussion above is not a proof of Eq. (76) and it is an argument that the
relationship (76) is possible.
Substituting Eq. (76) into the condition of current conservation (62), two solutions are
obtained
a = 1 (78)
or
a =
1
1− m0
m
(79)
m0 is a parameter, m is the physical mass of the baryon. As mentioned above a = 1 means
f1 = f2 and there is no antiquark effects. In Refs. [5,6,7] the effects of antiquarks are
investigated. Therefore, a 6= 1 (79) is taken in the studies [5,6,7]. It will be shown that
the physical results of this model favor the solution (79) or favor the existence of antiquark
components in baryon.
7 EM form factors of proton and neutron
The EM form factors of proton and neutron are derived from Eqs.(64,65) [5]
GpE(q
2) = D2(q
2) +
q2
4m2N
{D3(q2) + κ[D2(q2)−D1(q2)− (1 + q
2
4m2N
)D3(q
2)]}, (80)
GpM(q
2) = D2(q
2) + κ[D1(q
2) +D3(q
2)−D2(q2)] + (1 + κ) q
2
4m2N
D3(q
2), (81)
GnE(q
2) = −2
3
q2
4m2N
{D3(q2)−D2(q2) + κ[D2(q2)−D1(q2)]}, (82)
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GnM(q
2) = −2
3
GpM(q
2). (83)
The charge normalization of the proton
GpE(0) = 1 (84)
determines
D2(0) = 1. (85)
In Eqs. (80-83) the mass difference between proton and neutron is ignored. The isospin
symmetry is reserved.
The relationship between the magnetic moments of the proton and neutron
µp = G
p
M(0) = 1 + κ{D1(0) +D3(0)− 1}, (86)
µn = G
n
M(0) = −
2
3
µp (87)
is revealed from Eqs. (81,83). Eq. (87) is the prediction of the SU(6) symmetry and it
agrees with the data well. This result shows that the wave function (33,34) has, indeed,
SU(6) symmetry. Beside Eq. (87) this model predicts the relation between the two magnetic
form factors of proton and neutron (83). Proton and neutron are doublet of isospin. The
deviation of Eq. (87) from experimental value is originated in the isospin symmetry breaking
which is small.
Eq. (82) shows GnE(0) = 0 and the charge condition for neutral neutron is automatically
satisfied. Nonzero charge form factor of neutron (82) is predicted by this model.
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7.1 Magnetic form factors of nucleon
The radius of the magnetic form factors of proton and neutron can be defined
GpM(q
2) = µp{1− 1
6
(r2)pMq
2},
GnM(q
2) = µn{1− 1
6
(r2)nMq
2}. (88)
Eq. (88) predicts that
rMp = r
M
n . (89)
There are three reports of the value of the rMp : 0.777±0.013±0.010fm [16], 0.876±0.010±
0.016fm [17], 0.854± 0.005fm [18], 0.867± 0.009exp± 0.018fitfm [18]. One measurement of
the rMn has been reported as 0.80 ± 0.10fm [18]. The prediction (89) agrees with the data
within the experimental errors.
From Eqs. (83,87)
GpM
µp
=
GnM
µn
(90)
is obtained. The measurements of 1
µp
GpM/GD and
1
µn
GnM GD can be found in a review articles
[19], where
GD =
1
(1 + q
2
0.71GeV2
)2
. (91)
The prediction (90) is not in contradiction with data within about few percent in the region
of q2 < 10 GeV2.
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7.2 Charge form factor of neutron and the ratio of the EM form
factors of proton
The electric form factor GnE is not zero (82). If f1 = f2 is taken, the Eqs. (59) become
D1(q
2) = D3(q
2) = D2(q
2). (92)
Substitute Eq. (92) into Eq. (82)
GnE = 0 (93)
is obtained. Therefore, in this model non-zero GnE is resulted in the effects of the antiquark
components in the wave function of the neutron.
On the other hand, if f1 = f2 is taken and using Eq. (92), the EM form factors of proton
(80,81) become
GpE(q
2) = D2(q
2)(1 + τ)(1− κq2), (94)
GpM(q
2) = D2(q
2)(1 + κ)(1 + τ), (95)
and
µp = 1 + κ, (96)
R =
µpG
p
E(q
2)
GpM(q
2)
= 1− κq2 = 1− (µp − 1)q2. (97)
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are obtained. The ratio R (97) decreases very fast and
R ≤ 0, when q2 ≥ 4m
2
p
µp − 1 = 1.96 GeV
2. (98)
This ratio (97) is in strong disagreement with current data [1,2,3].
Therefore, f1 = f2 is rejected by the ratio of the EM form factors of proton and the
charge form factor of neutron.
Now we need to study the case of f1 6= f2. Using Eqs.(77,85), it is found
µp = 1 + κ{1 + a− 1
a
}, (99)
µn = −2
3
µp, (100)
GpE(q
2) = D2(q
2){1 + τ(a + 1− µp)− aκτ 2}, (101)
GpM(q
2) = µpD2(q
2){1 + a
µp
(1 + κ)τ}, (102)
GnE(q
2) = µnτD2(q
2)
1
µp
(a− 1)(1 + κ
a
)}. (103)
The magnetic form factor of the neutron is expressed as Eq. (83). The geometric picture of
the form factors of nucleon in this model can be constructed as following. According to the
SU(6) symmetry the hadrons of 56-plet are in s-wave in the rest frame. In the rest frame
the 1
2
+
and 3
2
+
hadrons have spherical shapes. The wave function of a moving baryon is
obtained by boosting the wave function from the rest frame to moving frame by Lorentz
transformation. Because of Lorentz contraction the shapes of these baryons are changed to
the shape of a football from a sphere. When the transfer momentum q2 increases the length
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of the ball along the direction of motion is shorten and the overlap of the two balls, one is
at rest and the second is in motion, is decreasing. This effect makes the overlap function,
the form factor, decreases with q2.
The D2(q
2), the κ, and the parameter a or m0 are unknown and they are taken as three
inputs in this model. Inputting the GpM(q
2), the D2(q
2) can be determined
D2(q
2) =
1
µp
GpM(q
2){1 + a
µp
(1 + κ)τ}−1. (104)
Inputting Eq. (104) into the charge form factor of the neutron, the GnE(q
2) (103) has triple
poles. Because of the factor q
2
4m2
the GnE(q
2) increases with q2 in small region of q2 and
because of the triple poles of the D2(q
2) it decreases with q2 in the range of larger q2.
The ration of R =
µpG
p
E
(q2)
Gp
M
(q2)
is obtained
R =
1 + τ(a + 1− µp)− aκτ 2
1 + a
µp
(1 + κ)τ
. (105)
If taking a = 1 in Eq. (105), the ratio R will go back to Eq. (97). It is interesting to notice
that besides the two factors in Eq. (105) which decreases with q2 if (a + 1 − µp) > 0 the
factor (a + 1 − µp)τ increases with q2. In this article two versions of comparison with data
are presented:
1) the original comparison presented in Ref. [5];
2) comparison with new data.
Previous comparison with data [5]
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In Ref. [5] µp (99) and µΛ
µΛ = −1
3
{mp
mλ
+ κ(aΛ +
1
aΛ
− 1)} = −0.64. (106)
are taken as two inputs and the two parameters κ and m0 (79) are determined to be
κ = 0.481, m0 = 0.778 mp, a = 4.51. (107)
By using Eq. (107),
GpE(q
2) = D2(q
2){1 + τ(2.71− 2.17τ)}, (108)
GpM(q
2) = µpD2(q
2){1 + 2.39τ}, (109)
GnE(q
2) = 1.39µnτD2(q
2), (110)
D2(q
2) =
1
µp
GpM(q
2)(1 + 2.39τ)−1, (111)
D2(q
2) =
1
(1 + q
2
0.71
)2(1 + 2.39τ)
(112)
are obtained, where 1
µp
GpM(q
2) = 1/(1+ q
2
0.71
)2 is taken. The ratio of the electric and magnetic
form factor of proton is obtained
R =
µpG
p
E(q
2)
GpM(q
2)
=
1 + τ(2.71− 2.17τ)
1 + 2.39τ
. (113)
In the range of small q2 R = 1+0.091q2 is revealed. Therefore, the ratio (113) shows that in
the range of small q2 the ratio increases with q2 slowly, then decreases with q2. This behavior
is the prediction of this model. Comparisons with data are shown in Fig.1 and 2.
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FIG. 1
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FIG. 2
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The experimental data of Fig. 1 is from Ref.[20], and that for Fig. 2 is from Ref.[21].
Fig. 1 and Fig.2 show that in the range of 0 < q2 < 0.55 GeV2 the ratio R is about one
(a little bit greater than one). After q2 = 0.55 GeV2 the ratio is decreasing with q2. At
q2 = 5.45 GeV2 the ratio reaches zero and after this value of q2 the ratio is negative.
The expression of the electric form factor of neutron is obtained
GnE(q
2) = 1.39µnτ(1 + 2.39τ)
−1(1 +
q2
0.71
)−2. (114)
The expression of the GEn (q
2) obtained in this model is just the Galster type [22]
GnE(q
2) = AµnτGD(q
2)(1 +Bτ)−1, (115)
where GD(q
2) is the expression of Eq. (91), the two parameters A and B are determined to
be
A = (a− 1)(1 + κ
a
)
1
µp
, (116)
B = 1 + (1 + κ)
a
µp
. (117)
Using a = 4.51 (107),
A = 1.39, B = 2.39 (118)
are determined. Therefore, this model predicts a smaller negative charge form factor of
neutron. The slope of GnE(q
2) at q2 = 0 is
dGnE(q
2)
dq2
|q2=0= 1.39 µn
4m2N
= −0.73 GeV−2. (119)
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The experimental data are
− 0.579± 0.018[23], −0.512± 0.049[24], −0.495± 0.010[25]. (120)
The data (120) are in the unit of GeV−2. Comparisons of the GnE(q
2) (114) with the experi-
mental data are shown in Fig. 3 and Fig. 4.
The experimental data of Fig. 3 comes from Ref. [26] and that for Fig. 4 comes from
Ref. [21]. Comparing with the GpE(q
2), this model [4,5] predicts a smaller charge form factor
of neutron and |GnE(q2)| < 0.1. In the range of q2 < 0.443 GeV2 GnE(q2) increases with q2
and after it decreases. However, the GnE(q
2) predicted is greater than the experimental data.
New fit with recent date
There are new data for
µpG
p
E
(q2)
Gp
M
(q2)
and GnE(q
2). The comparison of the
µpG
p
E
(q2)
Gp
M
(q2)
(105) with
new data is shown in Fig. 5
The data of Fig. 5 are taken from Refs. [1,2,3, 27, 28, 29, 30]. The Fig. 5 shows that
theoretical prediction agrees with new data as q2 < 5 GeV2 and after this value of q2 the
prediction decreases faster than the data. The value of the parameter a can be increased to
fit the data with larger q2 better. However, the larger a doesn’t fit the data of the ratio in
the range of smaller q2. This is the limitation of this model. This model doesn’t work well
in the region of larger q2. For larger q2 many new effects, like internal motion of quarks and
perturbative gluons, could play roles in these physical quantities. On the other hand, the
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FIG. 4
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study shows that the assumption (76) works in the middle range of q2 and it may not work
for larger q2.
Fig. 6 shows the comparison of theoretical GnE(q
2) with new data The data of Fig. 6 are
from Refs. [32,33,34,35,36,37,38,39,40,41,42,43,44,45]. This model predicts a nonzero and
small GnE(q
2), |GnE(q2)| < 0.1 . Fig. 6 shows when q2 < 0.3 GeV2 theory agrees with data.
However, when q2 > 0.3 GeV2 theoretical prediction is greater than data by 20% to 30%.
Refs. [19,31] are review articles in which reviews of experiments and theoretical models can
be found.
7.3 Magnetic moments of 12
+
baryons
In this model the magnetic moments of the 1
2
+
baryons are obtained from Eqs. (66,77,85) as
µ =
1
3
(A2 + 5A1){mp
m
+ κ(a+
1
a
− 1)}. (121)
The first term of Eq. (121) is from the recoil of the whole baryon and the second term is
from the anomalous magnetic moment of quarks. Using the parameters (107), the magnetic
moments of other six baryons are determined (Table I) [5] In this table the experimental
data of Ref. [46] are used. The magnetic moments of hyperons have right signs. Hoverer,
µΣ+ and µΣ− are less than data by about 40% to 50% and µΞ0 and µΞ− are less than data
by about 28% respectively.
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Table 1: Magnetic moments
µp µn µΛ µΣ+ µΣ0 µΣ− µΞ0 µΞ−
theory 2.793 -1.862 -0.64 1.74 0.58 -0.57 -0.97 -0.51
(input) (input)
exp 2.793 -1.913 -0.613 2.458 -1.16 -1.250 –0.6507
±0.004 ±0.010 ±0.025 ±0.014 ±0.0025
The S-matrix element of Σ0 → Λ + γ is studied
< γΛ | S | Σ0 > = −ie(2π)4δ(pi − pf − q)
eλµ√
2ω
(
mΛ
EΛ
)
1
2µΣ0Λ
× κ
2mp
uλ′ (pf)qνσνµuλ(pi), (122)
µΣ0Λ =
1
2
√
3
D3(0){ 2
aΛaΣ0
− 1
aΛ
(1− mp
κmΣ
)− 1
aΣ0
(1− mp
κmλ
) +
m2+
2mΛmΣ
}. (123)
The dependencies of D1(0), D2(0), D
′
1(0) and D
′
1(0) on the mass of initial and final baryon
need to be found. From Eq. (59,76)
D2(0)
D
′
2(0)
=
a
a′
, (124)
is obtained, where
a =
1
1− m0
m
Σ0
, a′ =
1
1− m0
mΛ
. (125)
On the other hand, Eq.(59) shows if m←→ m′ is taken, we have
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D2(0) ←→ D′2(0) (126)
and
D2(0) = D
′
2(0) = 1 (127)
when m = m′. The general expressions of D2(0), D
′
2(0) which satisfy Eqs.(124,126) can be
written as
D2(0) = (
a
a′
)
1
2 f(m,m
′
),
D
′
2(0) = (
a
′
a
)
1
2 f(m,m
′
) (128)
where f(m,m
′
) is a symmetric function of m, m′ and
f(m,m) = 1. (129)
When m 6= m′ , the deviation of f(m,m′) from 1 is proportional to (m−m′)2. According to
Ref. [4], f(m,m
′
) is related to the effect of Lorentz contraction. Possible expression is
f(m,m
′
) =
4mm
′
(m+m′)2
. (130)
For Σ0 → Λ + γ, the deviation of f(m,m′) from 1 is only 0.1%. Therefore, for this decay
the effect of f(m,m
′
) = 1 is taken.
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D3(0) =
√
aa′ ,
D1(0) =
1√
aa′
. (131)
are determined too. The magnetic moment of Σ → Λ and the decay rate are computed to
be
µΣ0Λ = 1.053 (132)
Γ =
α
8
µ2Σ0Λ
m3Σ
m2p
(1− m
2
Λ
m2Σ
)3 = 3.79× 10−3MeV,
τ =
1
Γ
= 1.74× 10−19sec. (133)
The current experimental transit magnetic moment of Σ0 → Λ+ γ is [46] is
|µΣΛ| = 1.61± 0.08.
Theoretical value of this transit magnetic moment is less than data by about 50%.
The SU(6) prediction of the ratio of the magnetic moments of proton and neutron is
reproduced in this model and it agrees with data well. Inputting the µp and µΛ the magnetic
moments of Σ’s, Ξ’s, and Σ0 → Λ are predicted. They have right signs, but they are smaller
than data. This problem is resulted in the treatment of the flavor SU(3) symmetry breaking
in this model. In the effective EM current (48) the parameter κ is taken to be same for
u-, d-, and s-quark. It is possible κs is different from κu,d. In Eq. (49) the scalar function
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M(x′1, x
′
2, x1, x2) is assumed to be the same for all three quarks. How to treat the the
flavor SU(3) symmetry breaking is the key for the improvement of the magnetic moments of
hyperons. The study is beyond the scope of this paper.
More discussion about the magnetic moments of baryons
It is known that the effect of isospin symmetry breaking is small. The agreement between
Eq. (87) and data is a good example. We can check more relationships between the magnetic
moments within the same isospin multiple.
This model predicts that both the magnetic moments of Ξ− and Ξ0 (121) are negative
and
µΞ0 = 2µΞ− (134)
which agrees with data well. It predicts that µΣ+ is positive and µΣ− is negative. These
predictions agree with data. However, under isospin symmetry
µΣ− = −1
3
µΣ+ (135)
is predicted. However, this prediction (135) is different from data by about 30% which is
much larger than the effect of isospin breaking. In the limit of SU(3) symmetry this model
predicts (121)
µΣ+ = µp. (136)
The difference between the prediction (136) and the data [46] by an reasonable 12%. The
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key point is how to understand the large µΣ−. On the other hand, in the limit of isospin
symmetry this model predicts
µΣ0 =
1
3
µΣ+ . (137)
So far, there is no data to test Eq. (137). Finally, it is interesting to point out that the
effect of the recoil of the whole baryon plays an important rule in the magnetic moments
of baryons. As shown above, this model works well on EM form factors of nucleon (two
flavors). However, when s-quark is involved theoretical results of the magnetic moments of
hyperons have more than 30% deviation from the data. How to improve the involvement of
the effects of SU(3) symmetry breaking is an important task for this model.
7.4 Electric and magnetic radii of nucleon
From Eqs. (101,102) the difference of the charge and the magnetic radii of the proton is
predicted as
(rpM)
2 − (rpE)2 =
3
2m2p
{a+ 1− µp − a
µp
(1 + κ)}. (138)
Using the values of the parameter a and κ (107),
(rpM)
2 − (rpE)2 = 0.0215fm2 (139)
is obtained. This value is very sensitive to the value of the parameter a. This model predicts
that both radii are pretty close to each other. Eq. (139) shows that this model predicts that
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the rpM is little bit greater than the r
p
E . The experimental data of the r
p
M can be found in
Refs. [16,17,18]. In review article [47] rpE = 0.8775 ± 0.0051 fm is listed. Many more data
on rpM can be found in Ref. [46].
7.5 Electromagnetic form factors of hyperons
It is useful to list the EM form factors of hyperons. Both the charge and magnetic form
factors of the Σ+ are obtained from Eqs. (64,65) respectively
GΣ
+
E (q
2) = D2(q
2) + τ{D3(q2) + κmΣ+
mp
[D2(q
2)−D1(q2)− (1 + τ)D3(q2)]}, (140)
GΣ
+
M (q
2) =
mp
mΣ+
{D2(q2) + τD3(q2)}+ κ{D1(q2)−D2(q2) + (1 + τ)D3(q2)}. (141)
The functions D1,2,3 depend on the mass of the Σ
+. D2(0) = 1 leads to G
Σ+
E (0) = 1.
The charge and the magnetic forms of the Σ− are derived from Eqs. (64,65) as
GΣ
−
E (q
2) = −D2(q2)− 1
3
τ{2D2(q2) +D3(q2) + κmΣ−
mp
[D2(q
2)−D1(q2)− 3(1 + τ)D3(q2)]},(142)
GΣ
−
M (q
2) = −1
3
{ mp
mΣ−
D2(q
2) + τD3(q
2) + κ[D1(q
2)−D2(q2) + (1 + τ)D3(q2)]}.(143)
Eq. (142) shows that the charge of the Σ− is -1.
From Eqs. (64,65) the EM form factors of Σ0 and Λ are found
GΣ
0
E (q
2) =
1
3
τ{D3(q2)−D2(q2) + κmΣ0
mp
[D2(q
2)−D1(q2)]}, (144)
GΣ
0
M (q
2) =
1
3
{ mp
mΣ0
(D2(q
2) + τD3(q
2)) + κ[D1(q
2)−D2(q2) + (1 + τ)D3(q2)]}, (145)
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GΛE(q
2) =
1
3
τ{D2(q2)−D3(q2) + κmΣ0
mp
[D2(q
2)−D1(q2)]}, (146)
GΛM(q
2) = −1
3
{mp
mΛ
(D2(q
2) + τD3(q
2)) + κ[D1(q
2)−D2(q2) + (1 + τ)D3(q2)]}. (147)
Eqs. (144,146) show that GΣ
0
E (0) = 0, G
Λ
E(0) = 0. If ignoring the mass difference between
the Σ0 and the Λ, this model presents
GΣ
0
M (q
2) = −GΛM (q2),
µΣ0 = −µΛ. (148)
The EM form factors of the Ξ0 and the Ξ− are obtained
GΞ
0
E (q
2) =
2
3
τ{D2(q2)−D3(q2) + κmΞ0
mp
[D1(q
2)−D2(q2)]}, (149)
GΞ
0
M (q
2) = −2
3
{ mp
mΞ0
(D2(q
2) + τD3(q
2)) + κ[D1(q
2)−D2(q2) + (1 + τ)D3(q2)]}, (150)
GΞ
−
E (q
2) = −D2(q2)− 1
3
τ{2D2(q2)D3(q2) + κmΞ−
mp
[D1(q
2)−D2(q2)− (1 + τD3(q2)]}, (151)
GΞ
−
M (q
2) = −1
3
{ mp
mΞ0
(D2(q
2) + τD3(q
2)) + κ[D1(q
2)−D2(q2) + (1 + τ)D3(q2)]}.(152)
Eqs. (149, 151) show that GΞ
0
E (0) = 0 and G
Ξ−
E (0) = −1. Ignoring the mass difference
between Ξ0 and Ξ−, this model predicts
GΞ
−
M (q
2) =
1
2
GΞ
0
M (q
2). (153)
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8 EM transition of p→ ∆(1236)
The electromagnetic transition of p→ ∆(1236) has been studied by this model [5] and there
is no any new parameter. Using the wave functions of proton and ∆ (33,34) and the effective
current (48), the matrix elements of EM currents of p→ ∆(1236) are obtained
< B
3
2
λ′
(pf)
lmn | Jµ(0) | B
1
2
λ (pi)
l
′
1
l1
>= iedlmnl1jkεjk′ l′1
Qkk′{2D2(q2) + κ[
m+
mp
D3(q
2) + 2
m
mp
D1(q
2)
− m
mp
D2(q
2)− m
mp
D
′
2(q
2)]} 1
mm′
pρqσερσνµψ
λ
′
ν (p
′)uλ(p)
+iedlmnl1jkεjk′ l′1
Qkk′{D3(q2)−D2(q2) +
κm
2mp
[D2(q
2) +D
′
2(q
2)− 2D1(q2)]}
1
mm′
(p′µqν − p′ · qδµν)ψλ
′
ν (p
′)γ5uλ(p)
+iedlmnl1jkεjk′ l′1
Qkk′{D
′
2(q
2)− m
′
m
D2(q
2) +
m−
m
D3(q
2)}ψλ
′
µ (p
′)γ5uλ(p).(154)
m, m′ are the mass of 1
2
+
baryon and 2
3
+
baryon respectively and m− = m′ −m,
Pµ = pµ + p
′
µ.
It is interesting to notice that the last term of Eq. (154) violates the current conservation.
However, this term is proportional to
D
′
2(q
2)− m
′
m
D2(q
2) +
m−
m
D3(q
2).
According to Eq. (62) it is equal to zero, the current conservation of p → ∆(1236) (154)
is guaranteed by the same condition (62) which guarantees the current conservation for the
EM transition matrix elements of B → B.
60
8.1 Photoproduction of ∆ resonance
The Photoproduction of ∆ resonance is related to the transit matrix element (154)
< ∆+
λ
′ (pf) | Jµ(0) | pλ(pi) >= − ie
4
√
3
A
1
mm′
D3(q
2)piρqσ
×ερσνµψλ
′
ν (pf)uλ(pi)−
ie√
3
B
mm′
D3(q
2)
×(pfµqν − pf · qδµν)ψλ
′
ν (pf)γ5uλ(pi), (155)
where
A =
2
a′
+ κ{1 + m
′
mp
+
2
aa′
− 1
a
− 1
a′
},
B = 1− 1
a′
+
κ
2
{1
a
+
1
a′
− 2
aa′
}, (156)
m′ is the mass of the ∆, and
a =
1
1− m0
mp
, a′ =
1
1− m0
m∆
(157)
A = 1.717, B = 0.699. (158)
It is interesting to notice that the condition (62) has been taken into account in Eq. (155)
and the current conservation is satisfied. Eq. (156) shows that B = 0 is obtained when
taking a = a′ = 1. Therefore, the term B in Eq. (155) is directly related to the contribution
of antiquark components. For the ∆+ → p + γ there are both M1+ and E1+ amplitudes.
The S matrix element of γp→ ∆+ → πN is written as
< πN | S | γp > = −i(2π)4δ(pγ + pi − ppi − pN)
∑
λ
′
< πN | T | ∆+
λ′
(pf) >
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× < ∆+
λ
′ (pf) | T | γp > E∆
m∆
1
W −m∆ + i2Γ(W )
, (159)
where W is the mass of the final state, Γ(W ) is the total width of the strong decay of
∆(1236). The calculation is done in the rest frame of ∆(1236). < πN | T | ∆+
λ′
(pf ) > is the
amplitude of the strong decay of ∆(1236)
< πN | T | ∆+
λ′
(pf) >= g(W )
ppiµ
mN
u(pN)ψ
λ
′
µ . (160)
The electric transition amplitude in Eq.(159) is expressed as
< ∆λ′ | T | γp >= −eµ < ∆λ′ | Jµ(0) | p > . (161)
By using following equation
∑
λ′
ψλ
′
µ ψ
λ
′
µ′ =
1
3
(1 + γ0){δµµ′ +
1
2
γ5γjεjµµ′} (162)
where j, µ, µ
′
= 1, 2, 3. Using Eq.(155), it is obtained
∑
λ′
uγ(pN)ψ
λ
′
µ < ∆λ′ | Jν(0) | pλ > ppiµeν
=
eD3(0)
24
√
3m2Nm∆
{mN(mN + EN )
Ei(mN + Ei)
} 12uγ{[A(mN +m∆)2 +B(m2∆ −m2N )]
×[2k · (e · ppi) + iσ · eppi · k− iσ · kppi · e]
−3iB(m2∆ −m2N)(σ · eppi · k + σ · kppi · e)}uλ, (163)
where Ei is the energy of the initial proton, k is the energy of the photon, and D3(0) is
given by Eq. (131). The amplitudes of the magnetic and electric transitions are obtained by
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comparing with the photo production amplitudes in Ref. [48]
M1+ =
eD3(0)
96
√
3πm2Nm∆
{ mN + EN
m∆Ei(m+ Ei)
} 12 g(W )ppik
W −m∆ + i2Γ(W )
×{A(mN +m∆)2 +B(m2∆ −m2N )}, (164)
E1+ = − eD3(0)
96
√
3πm2Nm∆
{ mN + EN
m∆Ei(m+ Ei)
} 12 g(W )ppik
W −m∆ + i2Γ(W )
×B(m2∆ −m2N ), (165)
where W is the total energy of the photon and the proton in the frame of center of mass
and g(W) is the amplitude of ∆ → π + N , ppi and k are the momenta of the pion and
the photon respectively. This model predicts a nonzero amplitude of electric quadrupole
E1+. Inputting Γ = 0.12GeV at W = m∆, g = 1.66 is determined The M1+ amplitude at
W = m∆ is calculated to be
M1+ = 47.3× 10−3/mpi+ .
In Ref. [49] the γ∗p → ∆ reaction at low q2 is measured. At q2 = 0.06 GeV2 the average
value of the M1+ amplitude
M1+ = 40.33± 0.27± 0.57± 0.61 10−3/mpi+
is presented. Many effective theories [50] are used to fit the data. The theoretical result
presented above [5] is at q2 = 0 GeV2. In order to compare with the data at q2 = 0.06 GeV2
[49] the correction by the form factor D3(q
2) =
√
aa′D2(q2) (112) has to be taken into
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account. The correction is 0.82. Therefore, this model [5] predicts
M1+ = 38.810−3/mpi+
at the q2 = 0.06 GeV2. This value is in agreement with the average value of Ref. [49] within
the errors. No new parameter is taken in this prediction.
As mentioned above in the rest frame the wave functions of nucleon and ∆ resonance are
in s-wave only. Eq. (165) shows that
E1+ ∝ B, and E1+ ∝ m2∆ −m2N .
Nonzero B comes from the effects of antiquarks and m2∆ − m2N is resulted in the effect of
recoil or the effect of Lorentz contraction in the moving frame. The Lorentz contraction
makes that the nucleon or ∆ in moving frame contain components of many partial waves.
Nonzero E1+ predicted in this model is resulted in both the antiquark components and the
recoil effects. It is interesting to notice that in the rest frame both the proton and the ∆
are spherical. This model provides a new mechanism for the E1+ amplitude in the process
∆→ p+ γ.
At the peak W = m∆
E1+
M1+
=
−B(m∆ −mN)
A(m∆ +mN ) +B(m∆ −mN ) = −5.4 %. (166)
In the paper [5] following early data of this ratio are quoted
-0.045 [51], -0.073 [52], -0.024 [53].
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In Ref. [46] the newer estimated value of this ratio is presented as
−0.025± 0.005
for the process ∆ → N + γ. However, the absolute value of the ratio E1+
M1+
at the pole is
determined as
0.065± 0.007 [54], and 0.058 [55].
This model predicts a negative and small E1+
M1+
at the pole by this mechanism.
8.2 ∆→ N + γ decay
Using Eq. (155), the width of the ∆+(1236)→ p+ γ is derived
Γγ =
k2
2π
mN
m∆
{| A 3
2
|2 + | A 1
2
|2}, (167)
A 3
2
= −eD3(0)(m∆ +mN)(m
2
∆ −m2N )
8
√
6(mNm∆)3/2
{A+ 2B m∆ −mN
m∆ +mN )
}
= −0.21 GeV− 12 ,
A 1
2
= −eD3(0)(m∆ +mN)(m
2
∆ −m2N )
24
√
2(mNm∆)3/2
{A− 2B m∆ −mN
m∆ +mN)
}
= −0.10 GeV− 12 . (168)
The experimental data are [54]
A 3
2
= −0.24 GeV− 12 , A 1
2
= −0.14 GeV− 12 . (169)
65
The new data are [46]
A 3
2
= −0.250± 0.008 GeV− 12 , A 1
2
= −0.135± 0.006 GeV− 12 . (170)
The decay width is computed to be
Γ∆→Nγ = 0.64 MeV, (171)
The experimental data [56] is 0.65 MeV. The new data [46] is (0.63 - 0.78) MeV. Theoretical
results agree with data pretty well.
8.3 The electromagnetic form factors of p→ ∆+(1236)
The differential cross section of the
e+ p→ e +∆+(1236)
→֒ N + π
is expressed as
1
Γt
d2σ
dΩdE ′
= σT + εσS. (172)
where E ′ is the energy of the outgoing electron, σT and σσ are the cross sections of the
transverse and longitudinal photons respectively, and ε is the polarization parameter. Using
of the Eq. (155) and the equation
∑
λ
ψλµ(p)ψ
λ
µ′ (p) =
1
2
(1− i
m′
p̂){δµµ′ +
2
3
pµpµ′
m′2
− 1
3
γµγµ′
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− i
3m′
(pµγµ′ − pµ′γµ)}, (173)
it is obtained
σT =
mαq∗2
m∆(W 2 −m2)
Γ(W )
(W −m∆)2 + 14Γ2(W )
D23(q
2)
18m2
{A2(q2 +m2+)
+2AB(m2∆ −m2 − q2) + 4B2(q2 +m2−)(1−
q2
q∗2
)}, (174)
σS =
mαq∗2
m∆(W 2 −m2)
Γ(W )
(W −m∆)2 + 14Γ2(W )
2D23(q
2)
9m2
B2(q2 +m2+)
q2
q∗2
, (175)
where
W 2 = −(pi + pe − pe′ )2, q∗2 = q2 +
1
4m2∆
(m2∆ −m2 − q2)2, (176)
pi is the momentum of the proton, m is the mass of nucleon, and m+ = m∆ + m, and
m− = m∆ −m.a Eq. (175) shows that the cross section of the longitudinal photon σS ∝ B2
and B is originated in the effect of antiquark components of the proton and the ∆. Therefore,
the cross section σS is the consequence of the antiquark components in this model. The ratio
of σS and σT is obtained
R =
σS
σT
= 4B2(q2 +m2−)
q2
q∗2
/{(Am+ +Bm−)2
+(A− B)2q2 + 3B2(q2 +m2)− 4B2(q2 +m2−)
q2
q∗2
}. (177)
The behavior of R is expressed as
q2 = 0, R = 0;
q2 → ∞, R ∼ 1
q2
→ 0. (178)
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In the range of q2 > 3 GeV2, R ∼ 0.27.
According to the definition of multiples [57], the magnetic transition form factorG2M1+(q
2),
the electric quadrupole transition form factor G2E1+(q
2) and the Coulomb transition form fac-
tor G2S1+(q
2) are found
G2M1+(q
2) =
D23(q
2)
18m2
{(Am+ +Bm−)2 + (A− B)2q2 −B2(q2 +m2−)
q2
q∗2
}, (179)
G2E1+(q
2) =
D23(q
2)
18m2
B2(q2 +m2−)(1−
q2
q∗2
), (180)
G2S1+(q
2) =
D23(q
2)
18m2
B2(q2 +m2−). (181)
Eqs. (179-181) show that besides the magnetic form factor GM1+(q
2) this model predicts
nonzero E1+, S1+ form factors GE1+(q
2) and GS1+(q
2). There is a relationship between
GE1+(q
2) and GS1+(q
2)
G2E1+(q
2) = (1− q
2
q∗2
)G2S1+(q
2).
Both the GE1+(q
2) and the GS1+(q
2) are proportional to B. Therefore, these two form factors
are from the contributions of the antiquark components of the nucleon.
The differential cross section (172) is expressed as
1
Γt
d2σ
dE ′dΩ
=
mαq∗2
m′(W 2 −m2){G
2
M1+(q
2) + 3G2E1+(q
2)
+4εG2S1+(q
2)
q2
q∗2
} Γ(W )
(W −m′)2 + 1
4
Γ2(W )
. (182)
From Eq.(179), the transit magnetic moment of p→ ∆+(1236) is derived
µp→∆ = GM1+(0) =
D3(0)
3
√
2m
(Am+ +Bm−) = 1.23
2
√
2
3
µp. (183)
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The data are
1.22
2
√
2
3
µ[53]p , 1.28
2
√
2
3
µ[56]p . (184)
Taking a = a′ = 1 and m = m′ in Eq. (183), the prediction of SU(6), µp→∆ =
2
√
2
3
µp, is
revealed. The correction factor 1.23 in Eq. (183) is from the effects of recoil and antiquarks
in this model. Theory agrees with the data.
The expression
σRT =
mαq∗2
m′(W 2 −m2)
Γ(W )
(W −m′)2 + 1
4
Γ2(W )
G∗2M(q
2) (185)
has been used to determine G∗2M(q
2). G∗M is obtained from Eq.(174) that
G∗2M(q
2) = G2M1+(q
2) + 3G2E1+(q
2)
=
D23(q
2)
18m2
{(Am+ +Bm−)2 + (A−B)2q2 +B2(q2 +m2−)(3− 4
q2
q∗2
)}. (186)
The D3(q
2) for p→ ∆+(1236) is expressed as
D3(q
2) =
4mm
′
√
aa′
(m+m′)2
(1 + 2.39
q2
4m2
)−1(1 +
q2
0.71
)−2. (187)
The G2M1+(q
2) form factor dominates the G∗2M(q
2). Eq. (186) shows that
G∗M(q
2) ∝ D3(q2)
and D3(q
2) has triple poles. Therefore, this model predicts the form factor G∗M(q
2) decreases
with q2 faster than the GpM(q
2) which is in form of dipole. Comparisons with experimental
data are shown in Fig.7 and Fig.8 (a).
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The data for Fig.7 comes from Ref.[26] and that for Fig.8 are from Ref.[61].
These two figures show that:
1) this model predicts that G∗M(q
2) decreases faster than GD(q
2) or GpM(q
2);
2) theoretical prediction of G∗M(q
2) agrees with data in the region of low q2;
3) in the larger region theoretical G∗M(q
2) decreases faster than data.
There are new measurements of the form factor G∗M(q
2) [63,64,65] in the region of larger q2.
These new data show that the G∗M(q
2) indeed decreases faster than GpM(q
2) (∼ µpGD(q2)).
However, theoretical prediction of G∗M(q
2) decreases faster than these new data too. SU(6)
symmetry breaking is the possible reason. As shown in the transit magnetic moment (183)
the effect of SU(6) symmetry breaking by the mass difference of nucleon and ∆ is about
23%. Therefore, in order to improve the behavior of the G∗M(q
2) in the region of larger q2
the effects of SU(6) symmetry breaking must be taken into account. In the expression of the
D3(q
2) (187) the factor
1/(1 + 2.39q2/(4m2p))/(1 + q
2/0.71)2
is determined from the magnetic form factor of the proton. The GpM(q
2) the quantity with
dimension of mass is proportional to mp. Based on SU(6) symmetry Eq. (187) has been
applied to the magnetic form factor GM1+(q
2). In order to include the effect of the SU(6)
symmetry breaking it is natural to include m∆ in this factor of Eq. (187). In this paper
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Fig. 7
71
Fig. 8 (a)
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following possibility
mp → 1
2
(mp +m∆)
is tried. The quantity 0.71GeV2 can be rewritten as
0.71→ 0.71(mp +m∆)2/(4m2p)
and the 2.39/(4m2p) in Eq. (187) can be replaced as
2.39/(mp +m∆)
2.
The comparison between this scheme and the data [63,64,65] is presented in Fig. 8(b).
Fig. 8(b) shows that the theoretical results of the GM1+(q
2) are indeed improved. How-
ever, when q2 > 6 GeV2 theoretical GM1+(q
2)/(3GD(q
2)) decreases still faster than current
data. As mentioned above that this model may not be working well for large q2.
At the peak of the ∆ resonance the electric multiple moments are obtained from Eq.(180,181)
E1+ = GE1+(0) = −D3(0)
3
√
2m
Bm− = −0.17, (188)
S1+ = GS1+(0) = −D3(0)
3
√
2m
Bm− = −0.17. (189)
This model predicts small and negative E1+, S1+, and
S1+ = E1+,
RSM =
S1+
µp→∆
= −5.4%, (190)
REM =
E1+
µp→∆
= −5.4%. (191)
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The data [26] is
S1+
µp→∆
= (−5± 3)%. (192)
Theoretical result agree with this experimental data. There are many new measurements on
the ratios of E1+
µp→∆
and S1+
µp→∆
in different regions of q2 [66-74]. All the new data show both the
REM and RSM are negative and small, which are the predictions of this model. The value
of the RSM predicted by this model is compatible with these new data. However, the value
of the REM predicted by this model is about half the value measured.
The cross section σS (175) is calculated in Ref. [5]. Taking
W = m
′
= 1.236 GeV, Γ(m
′
) = 0.12 GeV, (193)
we obtain
σS = 48.4q
2(q2 + 0.0888)(1 + 0.679q2)−2(1 +
q2
0.71
)−4 × 10−28cm2. (194)
Comparison with the data [62] is shown in Fig.9.
9 The axial-vector and pseudoscalar form factors of
baryons
This model has been applied to study the weak semileptonic decays of baryons and the
charged quasielastic neutrino reactions of baryons in Ref. [6] and the review of this study is
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Fig. 9.
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presented in this section.
The effective Lagrangian of weak interactions of charged currents between quark and
lepton is
Lw = G√
2
l¯(x)(1 + γ5)γµνJ
W
µ + h.c.. (195)
where JWµ is the charged weak currents of quarks. The effects of strong interactions must
be taken into account. In JWµ there are both vector and axial-vector parts. Because of CVC
the vector part is well determined from Eq. (48). It is known that the GA of the β decay of
the neutron cannot be determined by SU(6) symmetry, therefore, a new parameter λ has to
be introduced. The effective charged current of quarks are expressed as [6]
JWµ = ψ¯(x)QW{γµ + λγµγ5 +
κ
2mN
σµνqν}ψ(x), (196)
where Qw = cosθλ12+ sinθλ13, θ is Cabbibo angle, λ is a new parameter, and the parameter
κ has been determined already (107).
9.1 Weak matrix elements of 1
2
+
baryons
Using the baryon wave functions (33,35,46,47), the effective Lagrangian of weak interac-
tion (196), and the expression of the matrix elements similar to (49), the transition matrix
elements of charged weak currents are calculated
< B
1
2
c′(pf)|JWµ (0)|B
1
2
c(pi) >= −1
2
∫
d4x1d
4x2M(x1, x2, x
′
2, x1)B¯
1
2
c′,i′j′k′
1
αβγ,ijk (x1, x2, 0)
l′
1
l1
Q
k′
1
k′
2
Wk1k2
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{γµ + κ
2mp
σµνqµ ++λγ5γµ}γγ′B
1
2
c,k′
2
j′i′
γ′βα,k1ji
(0, x2, x1)
l′
2
l2
= u¯c′(pf){A1I1 + A2I2}uc(pi),(197)
where
A1 = TrB¯QwB, A2 = TrB¯BQw, (198)
and
I1 =
1
6
{[(4− m
′
m
)D2(q
2) + (4− m
m′
)D′2(q
2) + 5(
q2 +m2−
2mm′
+
κm+q
2
10mm′mp
)D3(q
2)]γµ
+[10D1(q
2)− (5− 2mp
κm
)D2(q
2)− (5− 2mp
κm′
)D′2(q
2)
+
3q2 + 5m2+
2mm′
D3(q
2)]
κ
2mp
σµνqν + 5λ[D2(q
2) +D′2(q
2) +
q2 +m2−
2mm′
D3(q
2)]γµγ5
+i(1 +
κm+
2mp
)
m−
mm′
D3(q
2)qµ − iλ[ 1
m
D2(q
2) +
1
m′
D′2(q
2)− m+
mm′
D3(q
2)]qµγ5}, (199)
I2 =
1
6
{[−(1 + 2m
′
m
)D2(q
2)− (1 + 2m
m′
)D′2(q
2) + (
q2 +m2−
2mm′
+
κm+q
2
mm′mp
D3(q
2)]γµ
+[2D1(q
2)− (1− 4mp
κm
)D2(q
2)− (1− 4mp
κm′
)D′2(q
2)
+
m2+ − 3q2
2mm′
D3(q
2)]
κ
2mp
σµνqν + λ[D2(q
2) +D′2(q
2) +
q2 +m2−
2mm′
D3(q
2)]γµγ5
+2i(1 +
κm+
2mp
)
m−
mm′
D3(q
2)qµ − 2iλ[ 1
m
D2(q
2)
1
m′
D′2(q
2)− m+
mm′
D3(q
2)]qµγ5}, (200)
where m± = m′ ±m, m and m′ are the masses of the initial and final baryons respectively.
The functions D1(q
2), D2(q
2), D′2(q
2), D3(q
2) are defined by Eq. (59).
It is necessary to point out that the condition of the current conservation (62) prohibits
the appearance of the second class current,
u¯γ5qνσµνu,
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in Eq. (199,200).
The amplitude (197) can be expressed as
< B
1
2
c′(pf )|JWµ (0)|B
1
2
c(pi) >= bD1(q
2)u¯(pf)c′
{fV (q2)γµ + fT (q2)σµνqν + ifS(q2)qµ
+gA(q
2)γµγ5 + igP (q
2)qµγ5}u(pi)c, (201)
where b is a coefficients and
D1(q
2) =
1√
aa′(1 + 2.39τ)(1 + q
2
0.71
)2
. (202)
All these form factors of the weak matrix elements (201) are predicted by this model and b,
fV , fT , fS, gA, gP are listed in Table 2.
9.2 Axial-vector form factor of nucleon
Using the Table 2, the axial-vector form factor of n→ p is obtained
GA(q
2) =
5
6
λD1(q
2){a+ a′ + ζ−aa′}, (203)
where the definition of the ζ− can be found in Tab. 2. Ignoring the mass difference of proton
and neutron and using the definitions of D2,3(q
2), Eq. (203) is expressed as
GA(q
2) = GA(0){D2(q2) + τD3(q2)}, (204)
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where
GA(0) =
5
3
λ. (205)
Eq.(205) is the result of SU(6).
After ignoring the mass difference of proton and neutron, the vector form factor of n→ p
is found from Tab. 2
fV =
1
6
{6a+ τ(10 + 4κ)a2}D1(q2), (206)
fV = D2(q
2) +
1
3
τ(5 + 2κ)D3(q
2). (207)
Therefore,
fV (0) = 1. (208)
In Ref. [6] inputting GA
GV
= 1.242 (where GV = fV ) the parameter λ is found to be
λ = 0.745. (209)
The new data is GA
GV
= 1.2701 ± 0.0025 [46] and λ = 0.762 is determined. The difference is
about 2%.
From Eqs.(52,80,81), the Dirac form factor F1(q
2) of proton is found to be
F1(q
2) = D2(q
2) + τD3(q
2). (210)
Therefore, this model predicts
GA(q
2) =
5
3
λF1(q
2), (211)
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F p1 (q
2) =
1
1 + τ
{GpE(q2) + τGpM (q2)}. (212)
Following the notation in literature, the the axial-vector form factor is rewritten as
5
3
λGA(q
2). (213)
In the study of ν +N scattering the axial-vector form factor is taken as a form of dipole
GA(q
2) =
1
(1 + q
2
M2
A
)2
. (214)
The relationship between parameter MA and the charge radius of proton (80) is predicted
1
M2A
=
1
12
< r2E > −(µp − 1)
1
8m2p
, (215)
where < r2E > is the charge radius of proton squared. Using Eq. (139) and inputting
< r2M >= (0.777± 0.013± 0.010)2fm2, it is predicted
MA = 1.002 GeV. (216)
On the other hand, if ignoring the contribution of the antiquarks, as mentioned above, a = 1
should be taken and
GA(q
2) = (1 +
q2
0.71
)−2 =
1
µp
GpM(q
2). (217)
The form factor GA(q
2), indeed, takes the form of dipole and MA = 0.84GeV. Comparing
with the data, this GA(q
2) decreases too fast. Using the parametrization (77), the axial-
vector form factor of nucleon, GA(q
2), is expressed as
GA(q
2) =
1 + 4.5τ
(1 + 2.39τ)(1 + q
2
0.71
)2
. (218)
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The axial-vector form factor predicted by this model is not in the form of dipole. However,
because of the factor
1 + 4.5τ
1 + 2.39τ
the GA(q
2) (218) decreases with q2 slower than (1 + q
2
0.71
)−2 and an equivalent MA is deter-
mined (216). The comparison between the expression (218) predicted by this model and the
form of dipole (214) with MA = 1.002 GeV is shown in Fig. 10 .
The Fig. 10 shows that in a wide range of q2 these two expressions of GA(q
2) are
almost identical. There are many measurements of the MA. In Ref. [18] two groups of the
experimental values of the MA are presented. One group from quasi-elastic neutrino and
antineutrino scattering experiments and the resulting world average is
MA = (1.026± 0.021)GeV. (219)
The other determinations of the GA(q
2) are based on the analysis of charged pion electro-
production off proton and the world average is
MA = (1.069± 0.016)GeV. (220)
In Ref. [79]
Mworld−averageA = 1.014± 0.014GeV (221)
is presented. In Ref. [87] a list of the value of MA used by many experiments of νµ+N and
82
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ν¯µ + N is presented. The prediction of the MA (216) by this model is in good agreement
with these values (219,220,221) within the experimental errors.
9.3 Pseudoscalar form factor of n→ p
Ignoring the mass difference between neutron and proton, the pseudoscalar form factor of
n→ p is predicted by this model (Table 2) (after the gP form factor in Eq. (201) is rewritten
as gP
qµ
m
γ5)
gP =
1
3
λ(a− 1)D2(q2). (222)
If a = 1 is taken, gP = 0 is revealed. Therefore, in this model the pseudoscalar form factor
of nucleon is resulted in antiquark components of nucleon. For very small q2
gP (0) =
1
3
λ(a− 1) = 0.872. (223)
Based on the work presented in Refs.[81,82] and systematic chiral expansion of low energy
QCD Green function the authors of Ref. [78] obtain
gP = 8.26± 0.16. (224)
In Ref. [95] a measurement of the gP from low energy pion electroproduction has been
reported as
gP (q
2) = 0.082± 0.018 mN/MeV, at q2 = 0.012 GeV2.
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It is claimed that the measurements are consistent with the pion pole dominance in the
region of small q2
gP (q
2) ∼ (1− q2/m2pi).
Using this form factor, it is obtained
gP (0) = 2.33± 0.51.
The value of the gP (223) obtained in this model is smaller than these two values obtained
in Refs. [78, 95]. On the other hand, the gP (q
2) obtained in this model (222) in the region
of small q2 is expressed as
1− q2/0.286.
The constant 0.286 is more than 10 times of the m2pi. Therefore, the pion pole of the gP (q
2)
is not revealed from this model. There is an issue about satisfaction of PCAC in this model.
On the other hand, in this model gP is resulted in antiquark components of nucleon. The
antiquark components of nucleon can come from pion clouds. It is interesting to study the
relationship between the factor, a - 1 (223) and the pion clouds. This study is beyond the
scope of this paper. Phenomenologically, the contributions of the gP to the semileptonic
decays and the cross sections of the quasielastic neutrino scatterings are small.
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9.4 Semileptonic decays of baryons
For the semileptonic decays of 1
2
+
baryons the transfer momenta are very small and only the
gA(0) and the fV (0) contribute to the decays. After inputting the value of the λ, the gA(0)
is obtained and and the fV (0) is found from Table 2. The Cabbibo angle is chosen to be
θ = 0.22.
The branching ratios are of these semileptonic decays are predicted. The results and com-
parisons with data [46] are shown in Table 3.
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Table 3 shows that theoretical predictions of the branching ratios and GA
GV
(or GV
GA
in some
cases) are in good agreement with data.
It is interesting to notice (see Table 2) that the vector form factors of Σ± → Λ are
expressed as
GV (q
2) =
q2
2
√
6mΛmΣ
(1 + κ
mΛ +mΣ
2mp
aΛaΣ)D1(q
2), (225)
where aΛ = (1 − m0mΛ )−1, and aΣ = (1 − m0mΣ )−1. Therefore, at q2 = 0 the vector form factors
for both processes are equal to zero
GV
GA
= 0. (226)
This prediction originates in the condition of current conservation (62). In 70’s the experi-
mental data was −0.37± 0.20. The newer data is 0.01± 0.10 [46]. Theory agrees with data
very well. As a matter of fact in both Σ± → Λ + e+(e−) + ν(ν¯) decays transfer momenta
are very small and the maximum of q2 are 0.55× 10−2 GeV2, 0.67× 10−2 GeV2 respectively.
For the q2max
GV (q
2
max) = 0.164× 10−2, 0.199× 10−2
respectively for both decays. Therefore, for both decays
GV
GA
∼ 0. (227)
These predictions are in good agreements with data.
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The coefficient between lepton and neutrino, αeν , and the asymmetric parameters, αe, αν , αB,
are predicted by this model (see Table 4). In Table 5 the related data [76] of the process
Λ→ pe−ν¯ are listed.
The experimental value of αe of the Σ
− → ne−ν¯
αe = −0.26± 0.37
can be found in Ref. [77]. Theoretical results of these coefficients are compatible with the
existing data. In Ref. [87] it has been reported
αeν = −0.27± 0.013, GA(0)/GV (0) = 0.731± 0.016
for the decay Λ→ p+e−+ ν¯. In Ref. [88] for the decay Σ− → n+e−+ ν¯ following quantities
have been measured
αe = −0.519± 0.104, αn = 0.509± 0.102, αν = −0.230± 0.061.
Theoretical values of these quantities (see Tab. 4) are compatible with the measured values.
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10 Charged quasielastic reactions of neutrino and nu-
cleon
10.1 ∆S = 0 scatterings of neutrino (antineutrino) and nucleon
There are two ∆S = 0 charged quasielastic reactions
νµ + n→ p+ µ−, ν¯µ + p→ n+ µ+.
AS shown in Eqs. (218,219) the GA(q
2) and the MA are all predicted in this model. The
vector form factors of these two processes are determined completely and the cross sections
of them can be calculated without any new parameter. Therefore, the cross sections of these
scattering processes are the predictions of this model.
νµ + n→ p+ µ−
Using Eq. (201) and ignoring the mass difference between proton and neutron, the matrix
element of the charged weak quark current can be written
< p(pf)|jWµ (0)|n(pi) >=
1
3
u¯c′(pf){5GpM(q2)γµ + 5λGA(q2)γµγ5 +
i
m
PµJ(q
2)}uc(pi), (228)
where Pµ = piµ + pfµ, the form factors G
p
M(q
2) and GA(q
2) are shown in Eqs. (95,218)
respectively,
J(q2) = D2(q
2) +
5
2
κ{D1(q2)−D2(q2) + (1 + 5
3
τ)D3(q
2)}
= {1 + 5
2
(µp − 1) + 3
2
κ a τ}D2(q2). (229)
89
D2(q
2) is shown in Eq. (112).
The cross section of νµ + n→ p+ µ− is derived as
dσ
dq2
=
G2
9πx
cos2θ{τ
x
W1 + [
x
2
− τ(1 + 1
2x
)]W2 − τ
x
(x− τ)W3}, (230)
where x = Eν
m
, Eν is the energy of neutrino,
W1 = 25{τGpM(q2)2 + (1 + τ)λ2G2A(q2)},
W2 = {5GpM(q2)− 2J(q2)}2 + 25λ2G2A(q2) + 4τJ2(q2),
W3 = −50λGA(q2)GpM(q2). (231)
Using
q2 =
4m2x2sin2 α
2
1 + 2xsin2 α
2
(232)
(α is the scattering angle of muon), the limits of q2 are found
0 ≤ q2 ≤ 4m
2x2
1 + 2x
. (233)
Integrating over q2, the total cross section as a function of Eν is obtained. The comparison
between theory and experimental data [83] is shown in Fig. 11.
The comparison with newer data is shown in Fig. 12
The experimental data of Fig. 12 are taken from Refs. [84,85,86]. When Eν > 15GeV
theoretical σ(νµ + n → p + µ−) is very flat (see below). In this calculation there is no new
adjustable parameter. Theory agrees with data very well.
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ν¯µ + p→ n + µ+
The cross section of this process is obtained from Eq. (230) by changing the minus sign
associated with the W3 to plus
dσ
dq2
=
G2
9πx
cos2θ{τ
x
W1 + [
x
2
− τ(1 + 1
2x
)]W2 +
τ
x
(x− τ)W3}, (234)
where W1,2,3 are shown in Eqs. (231). The theoretical values of the cross section is shown in
Fig. 13. The data is taken from Ref. [86] Theory agrees with the data well. When Eν →∞
W1,3 make no contributions to the cross section. Therefore,
lim
Eν→∞
σ(ν¯µ + p→ n+ µ+) = lim
Eν→∞
σ(ν + n→ p+ µ) = 0.89× 10−38cm2. (235)
10.2 ∆S = 1 quasielastic reactions of neutrino and nucleon
ν¯µ + p→ Λ + µ+
The decays Λ → p + e− + ν¯e, p + µ− + ν¯µ have been studied and the results are shown in
Table 2. Theory agrees with data. The matrix element of the weak current of this process
is obtained from Eq. (201) and Table 2
< Λ(pf)|JWµ (0)|p(pi) >=
3
2
√
6
u¯c′(pf){GΛV (q2)γµ+λGΛA(q2)γµγ5+
i
m+
G(q2)Pµ}uc(pi), (236)
where m+ = mΛ +mp,
GΛA(q
2) = D2(q
2) +D′2(q
2) +
q2 + (mΛ −mp)2
2mpmΛ
D3(q
2),
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G(q2) =
κ(mΛ +mp)
2mp
{2D1(q2)−D2(q2)−D′2(q2) +
q2 + (mΛ +mp)
2
2mpmΛ
D3(q
2)},
GΛV (q
2) = GΛA(q
2) +G(q2). (237)
According to Eq.(77), there are
D2(q
2) = apD1(q
2), D′2(q
2) = aΛD1(q
2), D3(q
2) = apaΛD1(q
2), (238)
where ap and aΛ are obtained from Eq.(79). Using Eq. (238), we have
GΛA(q
2) = D1(q
2){ap + aΛ + q
2 + (mΛ −mp)2
2mpmΛ
apaΛ},
G(q2) =
κ(mΛ +mp)
2mp
D1(q
2){2− ap − aΛ + q
2 + (mΛ +mp)
2
2mpmΛ
apaΛ}. (239)
All the form factors of this process are determined.
The experimental estimation of the parameterMA of the axial-vector form factor (239) is
0.6± 0.2 GeV [83]. Eq.(239) shows that the axial-vector form factor GΛA(q2) decreases faster
than the axial-vector form factor (218) of νµ+n→ p+µ−. Comparing with the dipole form
factor, for Λ production
MA = 0.865 GeV.
is determined. It is compatible with the experimental estimation.
The cross section of ν¯µ + p→ Λ + µ+ is written as
dσ
dq2
=
3G2sin2θ
8πm2px
2
{τW1+[x(x
2
−m
2
Λ −m2p
4m2p
)−τ(1
2
+x)]W2−τ(τ −x+
m2Λ −m2p
4m2p
)W3}, (240)
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where x = Eν
mp
,
W1 =
1
4m2p
{[q2 + (mΛ −mp)2]GΛV (q2)2 + λ2[q2 + (mΛ +mp)2]GΛA(q2)2},
W2 = (1 + λ
2)[GΛA(q
2)2 +
q2
(mΛ +mp)2
G2(q2)],
W3 = −2λGΛA(q2)GΛV (q2). (241)
q2 is expressed as
q2 =
2x(2m2px+m
2
p −m2Λ)sin2 α2
1 + 2xsin2 α
2
. (242)
The limits of q2 is determined as
0 ≤ q2 ≤
4m2px(x− m
2
Λ
−m2p
2m2p
)
1 + 2x
. (243)
The lower limit of the energy of neutrino is
Eν >
m2Λ −m2p
2mp
. (244)
The total cross section is obtained and shown in Fig.14. In the calculation there is no new
adjustable parameter. In the range of neutrino energies from 0.9-3.3 GeV the experimental
value of the cross section [83] is
σ = (1.3+0.9−0.7)× 10−40 cm2/proton. (245)
It is at the order of 10−40cm2 which is smaller than the cross section of νµ + n→ p+ µ−
by two order of magnitude. The reason is that this cross section is ∝ sin2θ.
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When Eν →∞ the cross section approaches a constant
lim
Eν→∞
σ = 2.69×−40 cm2. (246)
Theory is compatible with data.
ν¯µ + p→ Σ0 + µ+
The matrix element of this process is obtained from Eq. (201)
< Σ0c′(pf)|JWµ (0)|pc(pi) >=
3
2
√
6
u¯c′(pf ){GΣV (q2)γµ + λGΣA(q2)γµγ5 +
i
mΣ
GΣ(q2)Pµ}uc(pi),
(247)
where
GΣV (q
2) =
1
3
√
3
{D2(q2) +D′2(q2) +
q2 + (mΣ −mp)2
2mpmΣ
D3(q
2)
+
κ(mΣ +mp)
2mp
[2D1(q
2)−D2(q2)−D′2(q2) +
q2 + (mΣ −mp)2
2mpmΣ
D3(q
2)]},
= (0.988 + 1.6τ)/(1 + 2.39τ)/(1 + 4.96τ)2, (248)
GΣA(q
2) =
1
3
√
3
{D2(q2) +D′2(q2) +
q2 + (mΣ −mp)2
2mpmΣ
D3(q
2)}
= (0.42 + 1.03τ))/(1 + 2.39τ)/(1 + 4.96τ)2, (249)
GΣ(q2) =
2
3
√
3
{D′2(q2) +
mΣ
mp
D2(q
2)− κq
2
2m2p
D3(q
2) +
κmΣ
4mp
[2D1(q
2)−D2(q2)−D′2(q2)
+
q2 + (mΣ −mp)2
2mpmΣ
D3(q
2)]}
= (1.26− 0.95τ)/(1 + 2.39τ)/(1 + 4.96τ)2.(250)
Using the substitution mΛ → mΣ in Eq. (240), the cross section of ν¯µ + p→ Σ0 + µ+ is
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obtained and the W1,2,3 of this process are defined as
W1 =
1
4m2p
{[q2 + (mΣ −mp)2]GΣV (q2)2 + λ2[q2 + (mΣ +mp)2]GΣA(q2)2},
W2 = [
mΣ +mp
mΣ
GΣq2)−GΣV (q2)]2 + λ2GΣA(q2)2 +
q2
m2Σ
GΣ(q2)2,
W3 = −2λGΣA(q2)GΣV (q2). (251)
There is no new adjustable parameter. When Eν → ∞ the cross section approaches a
constant
lim
Eν→∞
σ = 0.38× 10−40 cm2. (252)
The numerical results are shown in Fig.15. Comparing Fig.15 with Fig.14, it is found
σ(ν¯µ + p→ Σ0 + µ+) ∼ 1
6
σ(ν¯µ + p→ Λ + µ+).
In the experiment of quasielastic hyperon production by antineutrino [83] 10 Λ and 2 Σ0
are found. Theory is compatible with data.
11 νµ + p→ ∆++ + µ− scattering
Using the same approach, the νµ + p → ∆++ + µ− scattering process has been studied in
Ref. [7]. In this section the review of the study done in Ref. [7] is presented.
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11.1 Form factors of p→ ∆++
The S-matrix element of neutrino production of ∆ is written as
< µ−∆++|S|νµp >= −i(2π)4δ4(pi+pν−pf−pµ) G√
2
cosθ < µ−|jµ(0)|νµ >< ∆++|JWµ (0)|p > .
(253)
The hadronic matrix element is expressed as
< ∆++|JWµ (0)|p >= −
i
2
∫
d4x′d4y′d4xd4yB¯
3
2
λ′
αβγ(x
′, y′, 0)i
′j′k′
ij1,111M(y
′, x′, x, y)
{γµ(1 + λγ5) + κ
2mp
σµνqν}γγ′B
1
2
λ
γ′βα(0, y, x)
k′j′i′,3
2ji,1 . (254)
Using the wave functions(33,46,47), the matrix element (254) is expressed as
< ∆++|JWµ (0)|p >=
1
4
D3(q
2)ψ¯λ
′
σ (p
′){ A
mm′
Pρqνǫρνσµ +
4B
mm′
(p′µqσ − p′ · qδµν)γ5
+4λ[Cδσµ − 1
mm′a′
(p′ · qδσµ − p′µqσ)] +
2λD
mm′
pρqνǫρνσµγ5}uλ(p), (255)
where m, E, m′, E ′ are the masses and energies of proton and ∆ respectively,
A =
2
a′
+ κ{ 2
aa′
− 1
a
− 1
a′
+ 1 +
m′
m
},
B = 1− 1
a′
+
κ
2
(
1
a
+
1
a′
− 2
aa′
),
C =
1
a
+
m′
m
1
a′
,
D = 1− 1
a′
, (256)
where a and a′ are the proportional constants of proton and ∆ respectively, Pµ = pµ + p′µ,
D3(q
2) is given by Eq. (187), A and B are the same as Eqs. (156). Eq.(256) shows that the
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coefficients B and D are resulted in the effects of antiquarks of nucleon. The conservation of
the vector current is satisfied.
According to Ref. [7], there are 8 form factors
T ≡ G√
6
< ∆++|JWµ (0)|p >< µ−|jµ(0)|νµ >
=
G√
2
cosθψ¯(p′)α{−[ 1
m
GV3 (q
2)γµ +
1
m2
GV4 (q
2)p′µ +
1
m2
GV5 (q
2)pµ]γ5F
µν
GV6 (q
2)jαγ5 − [ 1
m
GA3 (q
2)γµ +
1
m2
GA4 (q
2)p′µ]F
µν +GA5 (q
2)jα +
1
m2
GA6 (q
2)qαq · j}u(p), (257)
where
jα =< µ
−|jα(0)|ν >,
F µν = qµjν − qνjµ, (258)
p and p′ are the momenta of the proton and the ∆ respectively, q = p− p′. Comparing with
Eq. (255), it is obtained
GV3 (q
2) =
A
2
√
3
D3(q
2), (259)
GV4 (q
2) = − 1
2
√
3
m
m′
(A− 2B)D3(q2), (260)
GV5 (q
2) = GV6 (q
2) = 0, (261)
GA3 (q
2) =
λD√
3
D3(q
2), (262)
GA4 (q
2) = − λ√
3
(
1
a′
−D)m
m′
D3(q
2), (263)
GA5 (q
2) =
1√
3
λCD3(q
2), (264)
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GA6 (q
2) = 0. (265)
Three axial-vector form factors are predicted. The GA5 (q
2) has been mentioned in Refs.
[85,86]. GA5 (0) is computed
GA5 (0) =
1√
3
λC
√
aa′ = 1.09. (266)
In Ref.[85] many values of GA5 (0) have been listed. Using PCAC,
GA5 (0) =
g∆fpi
2
√
3M
= 1.2
is obtained [85] in the limit mpi → 0 and
GA5 (0) = 0.84, 1.07, 1.9,
are presented too from different approaches [85]. From Eq. (264) the GA5 (q
2) is expressed as
GA5 (q
2) = GA5 (0)(1 + 2.39τ)
−1(1 +
q2
0.71
)−2. (267)
In Refs. [85,86] a dipole expression
GA5 (q
2) = GA5 (0)(1 +
q2
M2A
)−2 (268)
has been applied to fit the data of the cross section of ν+ p→ µ−+∆++ and the parameter
MA are determined to be
MA = 0.92± 0.14 GeV, MA = 0.84± 0.15 GeV,
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and
MA = 0.98 GeV, 0.95 GeV
respectively. Obviously, unlike the form of dipole [85,86] the axial-vector form factor of
p→ ∆++ (267) predicted in this model takes the form of triple pole and it is very different
from the one of the dipole (268). However, when q2 is small the parameterMA is determined
from Eq. (267) to be
MA = 0.76 GeV. (269)
Besides the GA5 (q
2) this model predicts other two axial-vector form factors for the transition
p→ ∆++
GA3 (q
2) = −0.8434(1 + 2.39τ)−1(1 + q
2
0.71
)−2, (270)
GA4 (q
2) = 0.1965(1 + 2.39τ)−1(1 +
q2
0.71
)−2. (271)
Therefore, in this model the GA3 (q
2) and the GA5 (q
2) are the two major axial-vector form
factors for the transition p → ∆++. The two vector form factors of this process (259,260)
are determined to be
GV3 (q
2) = 1.645(1 + 2.39τ)−1(1 +
q2
0.71
)−2, (272)
GV4 (q
2) = −0.2323(1 + 2.39τ)−1(1 + q
2
0.71
)−2, (273)
GV4 (q
2) = −0.141GV3 (q2). (274)
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The GV3 (q
2) is the major vector form factor of this process and it is the magnetic form factor.
This model predicts that two major axial-vector and one vector form factors contribute to
the process ν + p→ µ− +∆++. These three form factors are in the forms of triple poles.
11.2 Cross section
Using Eq.(255), the differential cross section is written as
d2σ
dΩdE ′
=
G2
512π3
cos2θE
′2τµνWµν
Γ(m′)
(m′ −m∆)2 + 14Γ2(∆)
, (275)
where
τµνWµν =
2
3mm′ǫǫ′
D23(q
2){4m2q2W1 + [4mǫ(2mǫ+m2 −m′2)− 2mq2(m+ 2ǫ)]W2
−q2(q2 − 4mǫ+m′2 −m2)W3} (276)
W1 =
1
m2
(q2 +m2+)(4λ
2C
′2 +
A2
m2
q∗2) +
4
m2
(q2 +m2−)[B
2 p
′q)2
m2m′2
+
λ2D2
m2
q∗2]
+4
q∗2
m2
(AB
p′q
m2
− 2λ2C ′Dm
′
m
),
W2 =
q2 +m2+
mm′
{4λ2[m
m′
C
′2 +
2C ′
a′
p′q
m′2
+
q∗2
mm′a′
] +
A2
mm′
q2}
+
4q2
m2m′2
(q2 +m2−)(B
2 + λ2D2) +
4q2
mm′
[AB
p′1
mm′
− 2λ2C ′D],
W3 = 8λA(
q2 +M2+
mm′
C ′ − q
∗2
m2
D) + 16λB
p′q
mm′
(C ′ −Dq
2 +m2−
mm′
),
(277)
ǫ is the energy of neutrino, m
′2 = (p + pν − pµ)2, Γ(m′) is the decay width of ∆. Using Eq.
(257), the cross sections and the differential cross section of ν+p→ µ−+∆++ are calculated.
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The comparison between theoretical results and the experimental data are shown in Fig. 16,
17, 18, 19.
The data of Fig. 16 and Fig. 17 are taken from Ref. [85].
Newer experimental data [86] of σ(ν + p → µ− + ∆++(p + π+)) and dσ
dq2
are shown in
Fig. 18 and Fig. 19. The data used in Fig. 18 and Fig. 19 [86] are the cross sections of
ν + p → µ−p + π+ when MNpi < 1.4 GeV. The background has not been subtracted. Fig.
16, 17, 18, 19 show that theoretical predictions are compatible with data.
11.3 Density matrix
When pions produced from the decay of the ∆ are measured the differential cross section is
written as
d4σ
dq2dm′2dΩpi
=
1
4π
d2σ
dq2dm′2
{Y00 − 2
√
5(ρ33 − 1
2
)Y20
+
4√
10
ρ31ReY21 − 4
√
10ρ3−1ReY22}, (278)
d2σ
dq2dm′2
is derived from Eq.(257). The results are shown in Table 6.
12 σ term of nucleon
In this model there are two Lorentz invariant functions, f1 and f2, in the wave functions. It
is shown in section 1 that the difference between f1 and f2 represents the antiquark spinors.
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If f1 = f2 the effects of the antiquark spinors disappear and theoretical results disagree with
data. As shown in this paper the contribution of the antiquarks plays essential role in the
EM and weak form factors of nucleon or the structure of nucleon.
The σ term of nucleon is calculated
σ =< p|muu¯u+mdd¯d|p >= (a + 1
a
− 1)(2mu +md) = 3.73 (2mu +md). (279)
There is a wide range for mu and md [46]: mu = 2.3
+0.7
−0.5 MeV, md = 4.8
+0.7
−0.3 MeV. The σ
term of nucleon is determined to be
σ = 30.2− 42.9 MeV. (280)
If a = 1 is taken,
σ = 2mu +md = 8.1− 11.5 MeV
is obtained. This value of the σ term is much smaller than the one (280) and much smaller
than other results.
In Ref. [88] σ ∼ 45 MeV is determined. In Refs. [92,94] the σ term determined by
Lattice calculations are listed
15− 25 MeV, 40− 60 MeV, 50± 3 MeV, 45− 55 MeV, 18± 5 MeV, 49± 3 MeV.
In Ref. [14] σ = 37 ± 8 ± 6 MeV is reported. σ = 52 ± 3 ± 8 MeV is obtained in Ref. [93].
The value of the σ term obtained in this paper is compatible with these values.
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13 Antiquark components of nucleon
As mentioned in this paper that the antiquark spinors v± (30) of baryons play very important
role in understanding the structure of baryon. Eq. (42) shows that the antiquark spinors
contribute to the density of the antiquarks of nucleon.
In Ref. [14] the antiquark content of proton is defined as Eq. (42). This definition (42)
has been used to study the quark sea of nucleon and the σ term of nucleon. Eq. (42) can
be used to argue the existence of the contents of u¯ and d¯ in a proton.
From the expressions of the wave functions of nucleon (33,34) if f1 = f2 is taken only the
quark components contribute. The matrix γ0 doesn’t affects the wave function in the rest
frame, therefore,
< p|ψ¯iψi|p >=< p|ψ¯iγ0ψi|p >
the antiquark content of nucleon is zero. However, if f1 6= f2 antiquark spinors are part of
the wave functions. When γ0 acts on antiquark spinors a minus sign is generated. Then
< p|ψ¯iψi|p > 6=< p|ψ¯iγ0ψi|p >
and according to Eq. (42), q¯i 6= 0. Of course, meson clouds contribute to the antiquark
contents of nucleon.
Using the wave functions (33,34), the antiquark densities
u¯ =
1
2
< p|u¯(1− γ0)u|p >,
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d¯ =
1
2
< p|d¯(1− γ0)d|p >,
s¯ =
1
2
< p|s¯(1− γ0)s|p > (281)
are calculated
u¯ =
2
a
(a− 1)2,
d¯ =
1
a
(a− 1)2,
s¯ = 0. (282)
In this model there is no strange quark component. Therefore, s¯ = 0 is natural. The
antiquark density, u¯ and d¯, vanish when a = 1 as expected. Obviously, there are other
contributors for the density of the antiquarks of nucleon. Eq. (281) shows the contribution
of the antiquark spinors of nucleon to the density of antiquark of proton only. It is very
interesting to explore the dynamics of nonzero antiquark density. This investigation is beyond
the scope of this paper.
14 Summary
A review of an approach of the study of EM and weak structure of nucleon done in Refs.
[4,5,6,7] in 70’s is presented. In these study a nucleon in the rest frame is spherical. The wave
functions of 1
2
+
and 3
2
+
in the frame of center of mass are SU(6) symmetric and are boosted
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to moving frame by Lorentz transformation. Antiquark components (spinors of antiquarks)
are naturally cooperated in these wave functions. These wave functions, effective Lagrangian
of electromagnetic and weak interactions [1] have been applied to study the electromagnetic
and weak form factors of nucleons and p → ∆. There are three inputs: GpM(q2), µp, and
µΛ. A new expression of R =
µpG
p
E
(q2)
Gp
M
(q2)
is obtained. In small region of q2 the ratio is flat and
R ∼ 1 and it agrees with data. As q2 increases the ratio decreases and is consistent with
data when q2 < 5 GeV2. The ratio predicted by this model decreases faster than the data
when q2 > 5 GeV2. Nonzero small electric form factor GnE(q
2) is predicted and agrees with
data when q2 < 0.3 GeV2. When q2 > 0.3 GeV2 GnE(q
2) is larger than the experimental
data. In this model the GnE(q
2) is resulted in the contribution of the antiquark components.
The magnetic moments of hyperons predicted by this model have the right signs but smaller
than data by about 30%. The SU(3) symmetry breaking must be taken into account. The
transit magnetic moment µp→∆ predicted by this model agrees well with data. Two helicity
amplitudes of ∆→ N+γ are predicted. The the magnetic transition is dominated and E1+
moment contributes about 5% of the magnetic amplitude. The magnetic amplitude agrees
with data. The helicity amplitudes and the decay rate predicted are in good agreement
with data. For the process e + p → ∆+ + e three form factors, GM1+, GE1+, GS1+, are
determined. The GM1+ decreases faster with q
2 than GpM(q
2) and agrees with data in small
q2 region. In the region of larger q2 the GM1+ predicted decreases faster. In the form factor
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GM1+ SU(6) symmetry is applied and the
1
µp
GpM(q
2) = 1
(1+ q
2
0.71
)2
is inputted to GM1+ and the
mass difference between proton and ∆ is ignored. Phenomenologically, when the effect of the
physical mass of the ∆ is taken into account the GM1+ agrees with data when q
2 < 5 GeV2.
Therefore, the SU(6) symmetry breaking effect plays an important role in the behavior of
the GM1+ at larger q
2. This model presents a new picture for the structure of nucleon. Both
the negative and small E1 + (q2) and the S1 + (q2) form factors are resulted in both the
contribution of antiquark components and Lorentz contraction. In the rest frame both the
proton and the ∆ are spherical. The S1 + (q2) form factor is consistent with data and the
E1+ (q2) is small and about twice of the data. This model doesn’t work well in the range of
large q2. In the range of large q2 many new physical effects like internal motions of quarks
and perturbative gluons should play roles. The assumption f2 = af1 may not work well for
large q2 too. This is the limitation of this model.
The new wave functions of baryons are applied to study the weak interactions of baryons.
There is an additional parameter λ for the axial-vector currents of quarks [1], which is
determined by inputting GA(0) of the β decay of nucleon. The axial-vector constants of
hyperons, GA, are predicted. The theoretical predictions of the semi-leptonic decays of
neutron and all hyperons are in good agreement with data. The axial-vector form factor
GA(q
2) of nucleon is predicted to be GA(q
2) = F p1 (q
2). It is not in the form of dipole exactly.
However, numerical calculation shows that the GA(q
2) predicted is in good agreement with
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the form of dipole with MA = 1.002GeV. It is interesting to notice that the pseudoscalar
form factor of nucleon is caused by the antiquark components. The theoretical predictions
of the cross sections of ν + n → p + µ, ν¯ + p → n + µ+ agree with data well. The ∆S = 1
quasielastic neutrino scattering ν¯ + p → Λ + µ+ and ν¯ + p → +µ+ are predicted. This
approach has been applied to study ν + p→ ∆++ + µ− without new parameters. There are
three vector form factors and three axial-vector form factors. One vector and two axial-vector
form factors play dominant roles. The form factors, especially the axial-vector form factors
are not in the form of dipoles, but in the form of tripoles. The cross section, differential
cross section, and density matrix elements are predicted. Theory are consistent with data.
The study presented in this review paper shows that antiquark components of nucleon
play an essential role in understanding nucleon structure.
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Appendix
Appendix I Flavor wave functions of baryons The flavor wave functions for 1
2
+
baryons:
p, B =

0 0 1
0 0 0
0 0 0

, n, B =

0 0 0
0 0 1
0 0 0

,
Σ+, B =

0 1 0
0 0 0
0 0 0

, Σ−, B =

0 0 0
1 0 0
0 0 0

,
Σ0, B = 1√
2

1 0 0
0 − 1 0
0 0 0

, Λ, B = 1√
6

1 0 0
0 1 0
0 0 − 2

,
Ξ−, B =

0 0 0
0 0 0
1 0 0

, Ξ0, B =

0 0 0
0 0 0
0 1 0

,
The flavor wave functions of 3
2
+
baryons are defined as
d111111 = ∆
++, d112112 =
1√
3
∆+, d122122 =
1√
3
∆0, d222222 = ∆
−,
d113113 =
1√
3
Σ∗+, d123123 =
1√
6
Σ∗0, d223223 =
1√
3
Σ∗−,
117
d133133 =
1√
3
Ξ∗0, d233233 =
1√
3
Ξ∗−, d333333 = Ω
−.
Appendix II Permutation operators
The four operators of permutation are expressed as
O1 =
1
6
{2e+ 2(12)− (13)− (32)− (123)− (132)} (283)
O2 =
1
6
{2e− 2(12) + (13) + (32)− (123)− (132)} (284)
Ys =
1
6
{e+ (12) + (13) + (32) + (123) + (132)} (285)
Ya =
1
6
{e− (12)− (13)− (32) + (123) + (132)} (286)
The O1 and O2 projectors satisfy
O1 ·O1 = O1
O2 ·O2 = O2
O1 ·O2 = 0. (287)
Appendix III Wave functions of excited baryons
As mentioned in the paper the electromagnetic and weak interactions of baryons which are in
s-wave in the rest frame have been studied by this approach reasonably well. This approach
can be extended to study the EM and neutrino( antineutrino) productions of the low-lying
excited baryons. The effective electromagnetic currents and the weak currents are the same
as Eqs. (48,196). The wave functions of excited baryons can be constructed in the same way.
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The wave functions of low lying excited baryons have been constructed in Ref. [4] and are
presented in this section of Appendix. In the rest frame of the center of mass the O(3)×SU(6)
symmetry is assumed for these states. In the rest frame O(3) symmetry determines the part
of orbital angular momentum of baryon and the SU(6) symmetry determines the parts of
the spin and the flavor. The flavor, spin, and the orbital wave functions of the baryon is
totally symmetric. Of course the color part is antisymmetric. According to SU(6) symmetry,
baryons can be classified as 56, 70, 20 states. These states are decomposed as states of spin
(S = 1
2
or S = 3
2
) and flavor ( octet, decuplet, or singlet)
56 = (
3
2
, 10) + (
1
2
, 8),
70 = (
3
2
, 8) + (
1
2
, 8) + (
1
2
, 10) + (
1
2
, 1),
20 = (
1
2
, 8) + (
3
2
, 1). (288)
The wave functions of baryons of the 56 in s-wave have been studied and presented in this
paper. The wave functions in p wave and d waves [4] are constructed below. Baryon is
a system of three quarks. There are two independent relative coordinates x = x1 − x2,
y = 1
2
(x1+ x2)−x3. Therefore, in the rest frame of the baryon there are two relative orbital
angular momentum.
(1s1p) wave functions of baryon
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In the rest frame there are two spacial wave functions
f1(x, y)xj, f2(x, y)yj, (289)
where j = 1, 2, 3, xj and yj have O2 or O1 symmetry respectively
O2xj = xj , O1yj = yj, (290)
f1,2(x, y) are new Lorentz invariant functions which are total symmetric in x1, x2, x3. The
parity of the baryon of p-wave is negative and they are 20− plet. The spacial, the spin, and
the flavor wave function must be total symmetric. The wave functions are constructed
1. S = 1
2
and Octet
BJMαβγ,ijk(x, y)
m
l =
1
2
ǫi′j′k′
∑
λ,c
CJM1λ 1
2
cx · eλ(p){Γ
1
2
γβ,α(x, y, p)cǫjkmδil
+Γ
1
2
αγ,β(x, y, p)cǫikmδjl}+
1
3
ǫi′j′k′
∑
λ,c
CJM1λ 1
2
cy · eλ(p)
{Γ
1
2
γβ,α(x, y, p)c(ǫjimδkl + ǫkimδjl) + Γ
1
2
αγ,β(x, y, p)c(ǫjimδkl + ǫjkmδil)}. (291)
2. S = 3
2
and Octet
BJMαβγ,ijk(x, y)
m
l = ǫi′j′k′
∑
λ,c
CJM1λ 3
2
cΓ
3
2
αβγ(x, y, p)c{
1
2
x · eλ(p)
ǫijmδkl +
1
3
y · eλ(p)(ǫjimδkl + ǫjkmδil)} (292)
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3. S = 1
2
and Decuplet
BJM,lmnαβγ,ijk (x, y) =
1
2
ǫi′j′k′d
lmn
ijk
∑
λ,c
CJM1λ 1
2
c{x · eλ(p)Γ
1
2
αβ,γ(x, y, p)c
+
2
3
y · eλ(p)[Γ
1
2
γα,β(x, y, p)c + Γ
1
2
γβ,α(x, y, p)c]} (293)
4. S = 1
2
and Singlet
BJMαβγ(x, y) = ǫi′j′k′ǫijk
∑
λ,c
CJM1λ 1
2
c{
1
2
x · eλ(p)[Γ
1
2
βγ,α(x, y, p)c
+Γ
1
2
αγ,β(x, y, p)c] + y · eλ(p)Γ
1
2
αβ,γ(x, y, p)c} (294)
(1p1p) and (1s1d) wave functions of baryons
The parity of those states are positive. For states of (1p1p) there are three orbital angular
momentum
L = 2, 1, 0.
Their spacial wave functions and property of symmetry of these states are
L = 2, f(x, y)
∑
λ1,λ2
C
(2λ
1λ1,1λ2
x · eλ1(p)y · eλ2(p) O2
L = 1, f(x, y)
∑
λ1,λ2
C
(1λ
1λ1,1λ2
x · eλ1(p)y · eλ2(p) Ya
L = 0, f(x, y){x · y + 1
m2
p · xp · y}, O2. (295)
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The spacial wave functions of the (1s1d) states are L = 2 and
f1(x, y)C
(2λ
1λ1,1λ2
x · eλ1(p)x · eλ2(p), Ys, O1,
f2(x, y)C
(2λ
1λ1,1λ2
y · eλ1(p)y · eλ2(p), Ys, O1. (296)
The classification of these states are
(1s1d) are 56− plet,
the L = 2 states of (1s1d) and (1p1p) are 70− plet,
the L = 1 of (1p1p) are 20− plet,
the L = 0 of (1p1p) are 70− plet.
The complete wave functions of these states are constructed as
1. L = 2 56-plet
Octet
BJMαβγ,ijk(x, y)
m
l = ǫi′j′k′
∑
λ,c
CJM2λ 1
2
cC
2λ
1λ11λ2{x · eλ1(p)x · eλ2(p)
+
4
3
y · eλ1(p)y · eλ2(p)}{Γ
1
2
αβ,γ(x, y, p)c(ǫijmδkl + ǫikmδjl)
+Γ
1
2
βγ,α(x, y, p)c(ǫjkmδil + ǫikmδjl)}. (297)
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Decuplet
BJM,lmnαβγ,ijk (x, y) = ǫi′j′k′d
lmn
ijk
∑
λ1,λ2
CJM2λ 3
2
cC
2λ
1λ1,1λ2
{x · eλ1(p)x · eλ2(p)
+
4
3
y · eλ1(p)y · eλ2(p)}Γ
3
2
αβγ(x, y, p)c. (298)
2. L = 0 56-plet
The wave functions can be obtained by replacing
∑
λ1,λ2
CJM2λ 3
2
c{x · eλ1(p)x · eλ2(p) +
4
3
y · eλ1(p)y · eλ2(p)}
of Eqs. (293,294) by
x2 +
4
3
y2 +
1
m2
{(p · x)2 + 4
3
(p · y)2}.
These states are the radial excitations of the ground states of the 56-plet.
3. L = 0 70-plet S = 1
2
Octet
B
1
2
λ
αβγ,ijk(x, y)
m
l =
1
2
ǫi′j′k′(x · y + 1
m2
p · xp · y){Γ
1
2
αγ,β(x, y, p)λǫikmδjl
+Γ
1
2
γβ,α(x, y, p)λǫjkmδil}+
1
8
ǫi′j′k′{x2 − 4
3
y2 +
1
m2
((p · x)2 − 4
3
(p · y)2)}
{Γ
1
2
γβ,α(x, y, p)λ(ǫjimδkl + ǫkimδjl) + Γ
1
2
γα,β(x, y, p)λ(ǫkjmδil + ǫijmδkl)}. (299)
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S = 3
2
Octet
B
3
2
λ
αβγ,ijk(x, y)
m
l =
1
2
ǫi′j′k′Γ
3
2
γβα(x, y, p)λ{(x · y +
1
m2
p · xp · y)ǫijmδkl
+
1
4
[x2 − 4
3
y2 +
1
m2
(p · x)2 − 4
3
1
m2
(p · y)2](ǫkjmδil + ǫkimδjl)}. (300)
S = 1
2
Decuplet
B
1
2
λ,lmn
αβγ,ijk(x, y) = ǫi′j′k′d
lmn
ijk (x · y +
1
m2
p · xp · y)
{Γ
1
2
γβ,α(x, y, p)λ + Γ
1
2
γα,β(x, y, p)λ}. (301)
S = 1
2
Singlet
B
1
2
λ
αβγ(x, y) = ǫi′j′k′ǫijk(x · y +
1
m2
p · xp · y)
{Γ
1
2
βγ,α(x, y, p)λ + Γ
1
2
γα,β(x, y, p)λ}
+
3
8
ǫi′j′k′ǫijk{x2 − 4
3
y2 +
1
m2
(p · x)2 − 4
3
1
m2
(p · y)2]}Γ
1
2
αβ,γ(x, y, p)λ. (302)
4. L = 2 70-plet
S = 1
2
Octet
BJMαβγ,ijk(x, y)
m
l =
1
2
ǫi′j′k′
∑
λ1,λ2
CJM2λ 1
2
cC
2λ
1λ1,1λ2
{x · eλ1(p)y · eλ2(p)
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(Γ
1
2
αγ,β(x, y, p)cǫikmδjl + Γ
1
2
γβ,α(x, y, p)cǫjkmδil)
+
1
4
[x · eλ1(p)x · eλ2(p)− 4
3
y · eλ1(p)y · eλ2(p)]
(Γ
1
2
γβ,α(x, y, p)cǫkjmδil + Γ
1
2
γα,β(x, y, p)cǫijmδkl} (303)
S = 3
2
Octet
BJMαβγ,ijk(x, y)
m
l =
1
2
ǫi′j′k′
∑
λ1,λ2
CJM2λ 3
2
cC
2λ
1λ1,1λ2
Γ
3
2
αγβ(x, y, p)c
{x · eλ1(p)y · eλ2(p)ǫijmδkl + 1
4
[x · eλ1(p)x · eλ2(p)
−4
3
y · eλ1(p)y · eλ2(p)][Γ
1
2
γβ,α(x, y, p)c + Γ
1
2
γα,β(x, y, p)c]}. (304)
S = 1
2
Decuplet
BJM,lmnαβγ,ijk (x, y) =
1
2
ǫi′j′k′d
lmn
ijk
∑
λ1,λ2
CJM2λ 1
2
cC
2λ
1λ1,1λ2
{x · eλ1(p)y · eλ2(p)Γ
1
2
γβ,α(x, y, p)c +
1
4
(x · eλ1(p)x · eλ2(p)
−4
3
y · eλ1(p)y · eλ2(p))(Γ
1
2
γβ,α(x, y, p)c + Γ
1
2
γα,β(x, y, p)c)}. (305)
S = 1
2
Singlet
BJMαβγ(x, y) =
1
2
ǫi′j′k′ǫijk
∑
λ1,λ2
CJM2λ 1
2
cC
2λ
1λ1,1λ2
x · eλ1(p)y · eλ2(p)
125
{Γ
1
2
βγ,α(x, y, p)c + Γ
1
2
αγ,β(x, y, p)c}
+
3
8
ǫi′j′k′ǫijk
∑
λ1,λ2
CJM2λ 1
2
cC
2λ
1λ1,1λ2{x · eλ1(p)x · eλ2(p)
−4
3
y · eλ1(p)y · eλ2(p)}Γ
1
2
αβ,γ(x, y, p)c. (306)
5. L = 1 20-plet
S = 1
2
Octet
BJMαβγ,ijk(x, y)
m
l = ǫi′j′k′
∑
λ1,λ2
CJM1λ 1
2
cC
1λ
1λ1,1λ2
x · eλ1(p)y · eλ2(p)
{Γ
1
2
βγ,α(x, y, p)cǫkimδjl + Γ
1
2
γα,β(x, y, p)cǫkjmδil}. (307)
S = 3
2
Singlet
BJMαβγ(x, y) = ǫi′j′k′ǫijk
∑
λ1,λ2
CJM1λ 3
2
cC
1λ
1λ1,1λ2x · eλ1(p)y · eλ2(p)Γ
3
2
αβγ(x, y, p)c. (308)
The Γ
1
2
αβ,γ(x, y, p)c and the Γ
3
2
αβγ(x, y, p)c take the same expressions of Eq. (35) with different
f1,2(x, y).
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Figure Captions
Fig. 1. Ratio of electric and magnetic form factors of proton.
Fig. 2. Ratio of electric and magnetic form factors of proton.
Fig. 3. Eclectic form factor of neutron.
Fig. 4. Electric form factor of neutron.
Fig. 5 The ratio
µpG
p
E
Gp
M
.
Fig. 6 Charge form factor of neutron.
Fig. 7 Magnetic form factor of p→ ∆.
Fig. 8(a) Magnetic form factor of p→ ∆.
Fig. 8(b) Magnetic form factor of p→ ∆ with a possible SU(6) symmetry breaking effect.
Fig. 9 Cross Section of virtual scalar photon.
Fig. 10 Axial-vector form factor of p→ n
Fig. 11 Cross Section of νµ + n→ p + µ−. E is the average neutrino energy.
Fig. 12 Cross Section of νµ + n→ p + µ−. E is the average neutrino energy.
Fig. 13 Cross Section of ν¯µ + p→ n + µ+. E is the average antineutrino energy.
Fig. 14 Cross Section of ν¯µ + p→ Λ + µ+.
Fig. 15 Cross Section of ν¯µ + p→ Σ0 + µ+
Fig. 16 Cross Section of νµ + p→ ∆++ + µ−.
Fig. 17 Differential cross Section of νµ + n→ ∆++ + µ−, dσdq2 .
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Fig. 18 Cross Section of νµ + p→ ∆++ + µ−.
Fig. 19 Differential cross Section of νµ + n→ ∆++ + µ−, dσdq2 .
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Table 2: Form factors of weak interactions
process b fV fT fS gA gP
n→ p 1
6
Ξ− → Σ0 1
6
√
2
(5− m+
m
)a+ (5− m+
m′
)a′ µ[10− (5− 1
µm
)a− (5− 1
µm′
)a′] S 5A -P
Ξ0 → Σ+ -1
6
+(5ζ− +
µm+q2
mm′
)aa′ +(5ζ+ − q2mm′ )aa′]
Ξ− → Ξ0 -1
6
(1− 2m+
m
)a+ (1− 2m+
m′
)a′ µ[2− (1− 2
µm
)a− (1− 2
µm′
)a′ 2S A -2P
Σ− → n 1
6
+(ζ− +
2µm+q2
mm′
)aa′ +(ζ+ − 2q2
mm′
)aa′]
Σ− → Σ0 − 1
6
√
2
(4 + m+
m
)a+ (4 + m+
m′
)a′ µ[8− (4 + 1
µm
)a− (4 + 1
µm′
)a′ -S 4A P
+(4ζ− − µm+q2mm′ )aa′ +(4ζ+ + q
2
mm′
)aa′]
Σ+ → Λ 1√
6
µ′q2
2mm′
aa′ µ[2− (1− 1
2µm
)a− (1− 1
2µm′
)a′ S
2
A -P
2
Σ− → Λ 1√
6
+
aa′m2
+
mm′
]
Λ→ p - 3
2
√
6
a + a′ + aa′ζ− µ[2− (a+ a′ − aa′ζ+)] 0 A 0
Ξ− → Λ 1
2
√
6
(1 + m+
m
)a+ (1 + m+
m′
)a′ µ[2− (1 + 1
µm
)a− (1 + 1
µm′
)a′ -S A P
+(ζ− − µm+q2mm′ )aa′ +(ζ+ + q
2
mm′
)aa′]
where µ = κ
2mp
, µ′ = 1 + µm+, ζ± =
q2+m2
±
2mm′
, S = µ
′m−
mm′
aa′ A = λ(a + a′ + aa′ζ−), P =
λ( a
m
+ a
′
m′
− aa′m+
mm′
)
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Table 3: Theoretical values of R and GA
GV
Process BR(theory) BR(exp.) GA
GV
(th) GA
GV
(exp)
n→ pe−ν¯ 0.892× 103s (.8801± 0.0011)× 103s input 1.25
Σ+ → Λe+ν 1.92× 10−5 (2.0± 0.5)× 10−5 0(here is GV
GA
)
Σ− → Λe−ν¯ 0.59× 10−4 (0.573± 0.027)× 10−4 0(here is GV
GA
) 0.01± 0.10(GV
GA
)
Σ− → Σ0e−ν¯ 1.43× 10−10 0.50
Ξ− → Ξ0e−ν¯ 2.32× 10−10 < 2.3× 10−3 -0.25
Λ→ pe−ν¯ 8.79× 10−4 (8.32± 0.14)× 10−4 0.75 0.718± 0.015
Λ→ pµ−ν¯ 1.51× 10−4 (1.57± 0.35)× 10−4 0.75 0.718± 0.015
Σ− → ne−ν¯ 1.01× 10−3 (1.017± 0.034)× 10−3 -0.25 -(0.34± 0.017)
Σ− → nµ−ν¯ 0.48× 10−3 (0.45± 0.04)× 10−3 -0.25
Ξ− → Λe−ν¯ 0.52× 10−3 (0.563± 0.031)× 10−3 0.25 0.25± 0.05
Ξ− → Λµ−ν¯ 0.15× 10−3 (0.35+0.35−0.22)× 10−4 0.25
Ξ− → Σ0e−ν¯ 0.42× 10−4 (0.87± 0.17)× 10−4 0.92
Ξ− → Σ0µ−ν¯ 0.54× 10−6 < 0.8× 10−3 0.92
Ξ0 → Σ+e−ν¯ 2.5× 10−4 (2.53± 0.08)× 10−4 1.24
Ξ0 → Σ+µ−ν¯ 0.22× 10−5 < (4.6+1.8−1.4)× 10−6 1.24
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Table 4: Theoretical values of coefficients
process αeν αe αν αB
Σ+ → Λ -0.40 -0.70 0.68 0.06
Σ− → Λ -0.40 -0.70 0.68 0.06
Σ− → Σ0 0.43 0.28 0.85 -0.71
Ξ− → Ξ0 0.789 -0.52 -0.31 ).53
Λ→ p 0.0058 0.031 0.97 -0.61
Σ− → n 0.56 -0.58 -0.46 0.45
Ξ− → Λ 0.63 0.26 0.50 -0.50
Ξ− → Σ0 -0.35 -0.39 0.92 -0.30
Ξ0 → Σ+ -0.20 -0.17 0.99 -0.48
Table 5: Experimental values of coefficients of Λ→ pe−ν¯
Lab αeν αe αν αp
Argonne −0.08± 0.10 0.09± 0.11 0.75± 0.11 −0.55± 0.11
CERN −0.07± 0.09 0.15± 0.09 0.89± 0.08 −0.52± 0.08
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Table 6: Density matrix elements
ρ33 ρ3−1 ρ31
Experimental value [85] 0.58± 0.09 −0.24± 0.11 −0.18± 0.11
Experimental value [86] 0.661± 0.036 −0.088± 0.042 −0.107± 0.040
Theoretical value 0.95 -0.01 -0.26
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